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A TRANSCONTINENTAL RAILWAY across Honduras, 
from Puerto Cortez on the Atlantic Coast to the Bay of 
Fonseca on the Pacific Coast, is proposed in a concession 
recently granted by the Honduras Government to a syndi- 
eate of American capitalists, among whom are Chauncey 
M. Depew, W. Seward Webb, John Jacob Astor, Chas. Mc- 
Veigh and other well-known men. According to the report 
of the U. S. Consul at Tequcigalpa, Honduras, the govern- 
ment grants the syndicate the railway with all its ap- 
purtenances, now being operated from Puerto Cortez to La 
Pimienta, a distance of about 30 miles; a subsidy of 100 
ft. of land on each side of the entire line; exclusive right 
of transit over land and water throughout the route; 5 
sq. miles of land for every mile of railway; the free use 
of all construction material which can be obtained from 
government land; exclusive mining rights on all land 
granted to the railway, and various privileges in financing 
the scheme. The railway is to be completed within six 
years, under the following conditions: 

The width of the line is not to be less than 3 ft. 6 ins. 
Five miles shall be constructed within the first year. At 
the end of the second year, 25 miles are to be finished; at 
the end of the third year, 50 miles; at the end of the 
fourth, the road must have arrived at Comayagua; at the 
end of the sixth year, the line is to be completed and 
opened to the public. If the company fails to comply 
with these conditions, it shall pay to the government 15% 
of the gross receipts of the line until the conditions are 
fulfilled, an extension of time having been granted. At 
the expiration of this extension of time, if the said num- 
ber of miles has not been completed, the road will pass 
into the hands of a trustee. The government mail is to 
be carried free, and officials (not traveling in a private 
capacity) are to be subjected to no charge. The trans- 
portation tariff shall not exceed that on the portion of the 
line now in operation (except in the case of interoceanic 
traffic). The cost of transportation of products of Central 
America is to be made as low as possible. Passengers 
and freight engaged in interoceanic travel or transporta- 
tion are not to be subjected to customs duties. All ma- 
terials for the railway are to be admitted into the country 
free. Foreign colonists and workmen can be introduced 
(with the exception of negroes and Chinese), and the same 
will be exempt from personal taxes for ten years. The 
syndicate can issue bonds (not to exceed $20,000 in gold 
for each mile of road) and can transfer rights in the prop- 
erty to any one, except to foreign governments. After 
7 years, the government will have the right to purchase 
the road; the same option will be given at the end of 
each five years following; and at the end of 99 years, the 
road and all its appurtenances will become the property of 


the state. 

The syndicate also undertakes to liquidate the public 
debt of Honduras and is granted very extensive banking 
and customs powers by the government for this purpose. 
This is by far the most comprehensive foreign government 
concession which has been granted to Americans for some 
time. The U. S. Consul states that by it the syndicate 
secures practical control of the entire trade of the country. 
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THE UNION ELEVATED RAILWAY LOOP at Chicago 
s now in full operation, and the three elevated railways 
are running their trains around it. Eventually it will be 
ised by four lines, but the fourth (the Northwestern Ele- 
vated Ry.) is not completed. The loop is operated by an 
independent company, and it is equipped for electric trac- 
‘ion on the third-rail system, but the South Side Elevated 
Railway runs its trains by steam locomotives, the change 
from steam to electric traction not being Yet completed. 
The Metropolitan West Side Elevated Ry. and the Lake 
St. Elevated Ry. are operated entirely by electricity. The 


loop has two tracks, and the trains of the West Side and 
South Side lines pass round in one direction on the inner 
track, while the trains of the Lake St. line pass round in 
the opposite direction on the outer track. The time occu- 
pied in passing round the loop (which has several sta- 
tions) is now from 16 to 18 minutes, but it is expected to 
reduce this to 15 minutes when the trainmen have got 
used to the line. To prevent passengers from one line 
changing to trains of another line at stations used by 
both lines, the trains will stop at opposite ends of the 
platform, and a fence across the middle of the platform 
will compel passengers from one line to pass through the 
Union company’s ticket office in order to reach the other 
line. The opening of the loop has already resulted in a 
marked increase in the traffic and earnings of the elevated 
railways, none of which have hitherto had access to the 
business center of the city. 
+ a 

FILLING TRESTLES BY HYDRAULIC POWER has 
been carried on for a year or two on the Cascade division 
of the Northern Pacific Ry. The annual report of the 
company, just issued, states that about 320,00uU cu. yds. of 
earth have been thus deposited in embankments, at an av- 
erage cost of 4.7 cts. per cu. yd. At one trestle it was 
necessary to pump the water, and the cost of moving 
earth at this place was 13.5 cts. per cu. yd, 
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THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on the New York Central & Hudson River 
R. R., near Garrisons, N. Y., about 50 miles north of 
New York city, in the early morning of Oct. 24, and re- 
sulted in the death of 20 and the injury of 14 persons. A 
full account of the accident is given in another column. 
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THE FAILURE OF AN IRON BRIDGE is re ported from 
Sonoma, Cal., on Oct. 16. The bridge was in course of 
construction over Sonoma Creek, about six miles from the 
town of that name, when without warning the bridge 
crashed to the ground, carrying with it the scaffolding 
and several men, one of whom may die from injuries 
received. 
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THE LONG ISLAND R. R. TUNNEL under the East 
River, in support of which the special rapid transit com- 
mission appointed by the Mayor of Brooklyn, N. Y., pre- 
sented a lengthy report last January (Eng. News, Jan. 14, 
1897), is now before the Board of Aldermen of New York 
for consideration. This tunnel is proposed to run from the 
terminus of the Long Island R. R., in Brooklyn, under- 
neath the streets of that city and under the East River 
and Cortlandt St., in New York. The company organized 
to build the tunnel is the Brooklyn, New York & Jersey 
City Terminal Ry. Co., and this company has recently 
petitioned the Board of Aldermen of New York for per- 
mission to construct the tunnel under certain streets in 
that city. The President of the Brooklyn transit commis- 
sion, Mr. Eugene G. Blackford, has recently made the 
statement that he expected to see the work of consiruc- 
tion begun before the end of this year, 
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A TANK LOCOMOTIVE WEIGHING 92 TONS (gross), 
which is one of the heaviest engines in the world, has 
been built for the Indian State Railways (5 ft. 6 ins. 
gage) by Neilson & Co., of Glasgow, Scotland. Its total 
weight is 206,276 lbs., while the Johnstone duplex en- 
gines on the Mexican Central Ry. weigh 230,000 Ibs. The 
tank engines of the St. Clair tunnel weigh 195,000 Ibs., 
and the decapod pusher engines of the Erie R. R. weigh 
192,000 Ibs. The Indian engine has eight coupled driv- 
ing wheels, with single leading and trailing axles, these 
latter being carried in radial axle boxes. The engine 
has outside cylinders, an extension smokebox, and an 
enclosed cab between the firebox and the rear coal 
bunker, the tanks being on each side of the boiler. The 
two middle pair of driving wheels have blind tires. The 
leading dimensions are as follows: 

Driving wheels cae 6 
Leading and trailing wheels 
Wheelbase, driving. . ene 
= Wine ee «< 
Weight on driving wheels 
” on leading P= 
on trailing ” 
Se. 
MIs 06 64 ee soscesss 
Connecting rod, length c. to 
Boiler, diameter... . 
“ height from rail to center line 
pressure 
Firebox (inside) 
Smokestack, diameter. . 
oe 


1% ins. 
3%" 


niastceclnsetiihamaiall 

FOUR-CYLINDER LOCOMOTIVES are now being tried 
on at least two railways in England. In our issue of 
Sept. 30 we described some four-cylinder simple and com- 
pound engines of the London & Northwestern Ry., and 
now we learn that the Glasgow & Southwestern Ry. has 
built an eight-wheel engine having four high pressure 
cylinders. The two inside cylinders, 14% x 26 ins, are 
placed under the smokebox, with the valves between 
them. The outside cylinders are 12% x 24 ins., with the 
valves on top of the cylinders and worked by a rocker 
shaft from the link motion. The driving wheels of this 
engine are 6 ft. 9% ins. diameter. The four-cylinder sim- 
ple engine of the London & Northwestern Ry. has all its 


cylinders 15 ins. diameter, while the compound has two 
of 15 ins. and two of 19% ins. diameter. 
. 

THE YERKES OBSERVATORY, at Williams Bay, Wis 
was formally dedicated and turned over to the University 
of Chicago on Oct. 21 rhe buildings were donated by 
Mr. Chas. T, Yerkes, the well-known street railway 
owner, of Chicago, Ill., who also pr 
versity the large 4-in. r 
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esented to the Uni- 


efracting telescope which is 
mounted in the main dome rhis is 


most complete astrophysical 


considered to be the 


observatory in the world, 
and we shall describe some of its | 


future issue. 
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AN AMERICAN MANUFACTURER OF CAST 

pipe, according to the London “Contract Ji 

offered to furnish the gas department 


IRON 
urnal,”’ has 


the city of Glas- 


gow with ‘Ww tons of large sizes of pipe at about $5 per 


ton cheaper than the home bidders. The standing of 


st ng the 


American bidder was to be investigated before awarding 
the contract. The same paper states that the Maryland 
Steel Co. has received a contract for 8,000 t 


rails, to be delivered in Calcutta for the 


ns of steel 


East Indian 
State Ry., at about $5 per ton less than the 


tender. 


lowest British 
AN ELECTRIC MOTOR DRIVING A CABLE railway is 
in operation in Kansas City, Mo., where during the past 
summer the Walker Co., Cleveland, O., 
K-W. generator for the Metropolitan Street 


talled a 1,tuv 
Ry. Co, This 
machine now furnishes current to propel both electric and 
cable cars. To operate the cable machinery an old 30 K-W. 
General Electric generator was converted © a mot 
and belted to the driving machinery. In this way they 
were able to dispense with a 250-HP. engine formerly 
used to drive the 26,000 ft. of cable. The experiment has 
proved so successful that other motors will be installed 
and eventually the whole system will be transformed 
into an electric road. The first month after the change 
described above was made the operating expenses of this 
particular station were reduced 50%, from $1,200 per 
month to about $600. 
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A LARGE LAKE STEAMER and two barges which it 
will tow are now being built by F. W. Wheeler & Co., of 
Cleveland, O., for the Bessemer Steamship Co. for carry- 
ing iron ore on the great lakes, and the steamer will be 
the largest vessel on the lakes. It will be 475 ft. long over 
all, 455 ft. on the keel, 50 ft. beam and 29 ft. 6 ins. deep, 
with a hold capacity of 6,500 tons of ore on a draft of 17 
ft. The engine will be of the quadruple-expansion marine 
type, with cylinders 28, 40, 59 and 35 ins. diameter and 
42 ins. stroke. The barges will be 450 ft. long, oO ft. 
beam and 28 ft. 6 ins. deep, each with a capacity of 7,000 
tons on a draft of 17 ft. It will be seen that the three 
vessels will transport, on a draft of only 17 ft. of water, 
the enormous quantity of 20,500 tons of ore at a trip. 
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WATER PIPE AND PIPE INSPECTION CONTRACTS 
covering 35,000 tons of 6-in. to 48-in. cast-iron pipe, have 
been awarded by the city of Chicago. The inspection con- 
tract has been awarded to the Pittsburg Testing Labora- 
tory. The terms for the inspection being based upon a 
tonnage rate which Is highest for the 6-in. pipe and grad- 
ually decreases for the larger sizes. The order for the 
pipe was divided as follows, and it will be seen that a 
large proportion will be 36-in. pipe: 
Addyston Pipe & Steel Co., 32,500 tons: 

117 pieces of 48-in. pipe, weighing..... 9.350 Ibs. 

8,360 “ 36-in. *‘ ™" coca. ~ 

1,540 = 3O0-in. “ = eee 230 = 

2,402 oy 24-in. “ " soem 

3,354 ” 16-in. “ 7 cvsseh oe “* 
South Pittsburg Pipe Works, 2,300 tons: 
428 pieces of 12-in. pipe, weighing. ....1,000 Ibs. 
3,000 . 8-in. ‘ 555 ° = 
6,000 ” 6-in. “ = : - 
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A GOVERNMENT ARMOR-MAKING PLANT is opposed 
in the report of Capt. Charles O'Neil, Chief of the Naval 
Ordinance Bureau, which has just been made public. The 
report maintains that the government can purchase armor 
more cheaply than it can manufacture it, and regards the 
making of armor as the proper adjunct of a commercial 
steel plant. Foreign practice, it is urged, is in accordance 
with this view, and should the government acquire a plant 
of its own, the report says, that it would be at a great 
cost and the chances are that it would lie idle a large 
part of the time, thus suffering great deterioration, and 
making the expense of operating it when needed more 
than offset any advantages gained by such ownership. 

The newspapers continue to record the tour of investi- 
gation being made by the special government commission 
appointed to consider the construction of a government 
armor-making plant, with details of the commission's trip 
through the iron and steel manufacturing centers of the 
Southern states. It is also announced on the authority of 
Mr. Wm. Wharton, a large stockholder of the Bethlehem 
Iron Co., that his company has made an offer to sell its 
plant to the government at a very low price. Press dis- 
patches also state that a similar proposition to sell its 
armor-making plant has been made by the Carnegie 
Steel Co. 
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THE MICROSCOPIC INSPECTION OF STEEL. 
By Francis Scott Rice, Steelton, Pa. 


A brief abstract of a paper read by Mr. Cunning- 
ham before the recent meeting of the American 
Society of Civil Engineers, on “The Strength of 
Structural Steels,” has been noticed with much in- 
terest. Since it seems to give expression to a com- 
mon desire of the engineer for better material, the 
following notes of experience in the microscopic 
examination of steel are submitted with the same 
result in view; believing that in the intelligent use 
of the microscope we may make advance certainly 
towards a more homogeneous product, gain all nec- 





Fig. 1.—Cooled Slowly. 
OPEN HEARTH STEEL, CARBON 0.08 PER CENT. 


essary knowledge as to heat treatment and safely 
use much higher grade steels and unit strains. 

We do not even experiment in its use. Since the 
first paper published by H. C. Sorby on this 
method, in 1864, a number of other workers have 
studied the subject, until Mr. Stead writes:* 

It is evidently time that this branch of research should 
not be neglected, and that in our works, and all metal- 
lurgical laboratories, the microscope should hold a prom- 
inent if not a premier position. 

With this strong endorsement the writer heartily 
agrees; and certainly the structural engineer has 
more at stake than any one else. Since the full de- 
velopment of structural formulas, the practice of 
the engineer has become a mathematical profes- 
sion. From any assumed conditions of loading he 
calculates exactly the stresses in the various mem- 
bers of any required structure; the allowable unit 
stresses are deduced from formulas again mathe- 
matically exact, most of which are based on the 
elastic limit or its equivalent; which may be con- 
sidered as one-half of the ultimate strength of the 
material. After these absolutely correct conclu- 
sions are reached, the next step may be called com- 
ical: he uses from five to ten times as much ma- 
terial as his formulas require! One hundred per 
cent, of this may and should be allowed for the 
above relation of the elastic limit to the ultimate 
strength. In view of the lives and property in- 
terests involved, it would be reasonable to add 
another one or even two hundred per cent., which 
brings our factor of safety to 4; the remainder 
must be directly charged to real or supposed lack 
of uniform quality of steel.** 

It is well known that our structural steel has 
little care bestowed on its manufacture.f— A prac- 
tical steel worker answered my request for an an- 
alysis of a sample submitted for inspection with, 
“Analysis? That does not cut any figure. I can 
get you 16 different kinds of steels from a plate 
that many inches square!”’ This is the most ob- 
vious fact brought out by microscopic examination; 
not only the difference between various samples, 
but also, for instance, between the center and per- 
iphery of the same piece. In changing from the 
use of the old-time refined and double rolled iron 
to steel, we have been content with too little. Sat- 
isfled with the stronger material, the old thorough 
methods were abandoned, which are necessary for 
the strongest product, and one homogeneous 
throughout, Without doubt, the finishing heat also 


* See ‘Journal of the Iron and Steel Institute,’’ London, 
Vol. XLV., No. 1, 18%, for this paper, and also a full 
bibliography of the subject up to that time. 

**We must take exceptions to these statements. The 
calculated stresses are based on ‘‘assumed"’ and not ab- 
solutely known conditions of loading. Given the geom- 
etry of a truss and the steady load, we may calculate 
exactly the stress due to that load, but how much this 
stress is increased by vibrations caused by wind or by 
moving loads, or by changes of temperature of adjoining 
members of the truss as well as of the piece considered, 
we are ignorant, and this ignorance is allowed for in the 
factor of safety. Again, the allowable unit stresses are 
not deduced from exact formulas, but from the results of 
experiments.—Ed. Eng. News. 

t We think that this statement fs a little strong.—Rd. 


Fig. 2.—Quenched. 
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has much to do with the tensile strength; and, 
finally, no specification for steel is complete with- 
out stating the percentage of carbon required, 
which is the distinguishing feature of steel, gives 
all the advantage gained over iron, and is the real 
basis of increased strength. It may be that here- 
tofore the engineer has had no practical way of 
testing the product with sufficient accuracy. In 
the microscope he has an instrument of extraor- 
dinary perfection, capable of recording results 
through photo-micrographs with absolute accu- 
racy. It can show, first, within less than ten points 
(0.10%) the carbon constituent; the chemical lab- 
oratory can also do this. But it can further show 


? : : 


Fig. 10.—Cooled Slowly. 
OPEN HEARTH STEEL, CARBON 1 00 PER CENT. 


the heat treatment, whether cooled _ slowly, 
quenched suidenly from a high heat, or annealed, 
and very closely the finishing heat; and, to some 
extent, the amount of working, through sizes of 
the crystals. The manufacturer may object to 
higher grade steels and increased working on 
ground of cost; but the engineer should have the 
best, and is generally willing to pay for it, if only 
he may gain in strength 100%, 50%, or even no ad- 
vantage but the great one of reliable material. 

To make the method successful requires great 
care in preparation of specimens; sections must 
be perfectly polished, and etched only sufficiently 
to bring out the structure. High magnifying 





Fig. 3.—Longitudinal Section Fig. 12.—Crucible Steel, 
of Iron Cable Wire from Old Carbon 0 97 per cent., 
Niagara Suspension Bridge. Cooled Slowly. 


powers are not needed, but special illuminators for 
opaque objects must be used; and, above all, the 
most careful and intelligent manipulation exer- 
cised to secure uniform results. 

A brief explanation of the terms adopted to de- 
scribe the various microscopical constituents of 
steel may be of use in understanding the figures, 
The differences in structure caused by different 
heat treatment should also be plainly distin- 
guished. 

Steels cooled as in ordinary process of working 
and rolling are here termed “normal’’; those cooled 





Fig. 4.—Cooled Slowly. 


suddenly from a heat of 1,000° C. or more, by 
plunging into cold water or other fluid, are called 
“quenched”; and those in which the same heat has 
been reduced so slowly that the whole mass is of 
practically one temperature until the cooling is 
completed are known as “annealed,” 


Fig. 5.—Quenched. 
OPEN HEARTH STEEL, CARBON 0.30 PER CENT. 
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As to microscopical structure, four princ 
characteristic structures are recognized: — 
cementite, pearlyte and martensite, Al 
neglecting minor impurities, are composed 
primary constituents, ferrite or iron, and 
through the addition of which iron beco; 
Ferrite may appear alone and uncombin: 
then known as “segregated,” but carbon 
in combination with iron, with the formu 
and is then known as cementite. Ceme; 
combines with the ferrite to form pearl; 
normal steels; but combines in a differen: 
tion to form a different structure called ma; 
if the specimen be heated to 800° or 1. 





Fig. 11.—Quenched. 


and if the specimen is then quenched, the m 
site may be “fixed,” as it were, and made ava 
for microscopic examination. 

Ferrite appears alone, of course, in iron, 
Fig. 3. In mild normal steels it generally ap; 
in crystalline form with cementite cell wal S 
in Fig. 1; and as carbon is added it combines 
the resultant cementite to form pearlyte. 
pearlyte increasing to 100% with 0.80% car! 
this is called the “saturation point” of iron 
carbon; and with more than this percentag f 
carbon free cementite appears, first as bri! 
metallic cell walls, as in Fig. 10; and with 
about 1.30% of carbon, in segregated masses; but 
is always structureless. Cementite is the hardest 
of these four constituents. 

Martensite appears in all quenched steels, di'- 
fering in color from a straw color in mild stee! 
almost black in those of higher grade; it for 
the whole mass in quenched. steels containi 
0.20% of carbon or more, as in Figs. 5 and §, u: 
the saturation point is reached, when free cen 
tite appears, as in Fig. 11; but this saturat 
point for carbon is higher in martensite than 
pearlyte. Little is known of the chemical or mic: 
scopical structure of martensite, although it is 
key to the tool steel industry, and the most 
microscopical work has been devoted to this stru 
ture to solve the problem of the hardening of st 
It is a structural condition which confers hari: 
on steel; which property pearlyte does not poss 
Pearlyte and martensite, although both sh: 
dark in the illustrations, are very distinct 
tures until the carbon approaches the saturat 
point, and the martensite nearly approac! 
pearlyte in depth of color, when more care must ! 
exercised. But pearlyte almost always appears 
good, and espectally in crucible steels in its lame! 
lar form, in alternate layers of ferrite and 
mentite, as shown plainly in Fig. 12. In this fo: 
it gives rise to beautiful iridescent effects resen 
bling mother-of-pearl, whence its name; whi! 





Pig. 6.—Annealed. 


seems to be a sort of diffraction grating effect 
caused by those alternate plates of different col 
and reflective power. 

From the above, it app2ars ‘hat the microscop 
should easily detect differences of 0.10% of carbo: 
in all normal steeis. 








es 
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I els, if the specimens be quenched, the 
rises to 100%, with 0.20% of carbon, 
1 in practice be feasible to divide and 
t 10 distinct graduations in this, each of 
é, ‘ld represent an increase in carbon of 
0.02 present, perhaps, few structural steels 
r 0.20% of carbon. 
it creatment, crystalline forms are very 
elop unless the carbon is of very low 
or the specimen be annealed. Much can 
loubtless, through the sizes and gen- 
irance. 
usion, the writer hopes that this article 
interest and lead others less busily oc- 
take up these investigations, with every 
nrospoct for successful and practical results. 
T ympanying are photo-micrographs of a 
\ les selected to show, 
First ~The characteristies with respect to carbon 
Ss \—Effect of heat treatment. 
Thi;d—Crystalline structure. 
T nave been taken under uniform conditions 
f nifieation, light, plates, exposure, and de- 
velopment, and with no retouching of negatives. 
The ; lor effects, of course, add much character in 
actual observation, 
Fig. 1. A good specimen of very mild steel. Light 
-ystals are ferrite, surrounded with walls which 


ippear double in places, indicating that each crys- 
tal has its own individual and distinct envelope. 
Fic. 2. Same as Fig. 1, quenched; crystals cov- 
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same bar and supposed to be of identical chemical 
composition. The original photo-micrographs 
show fields actually 1-100 in. in diameter, and 
the magnification was 200 diameters, which has 
been slightly reduced in the process of making en- 
gravings from the photographs. 
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POWER DISTRIBUTION AND MULTIPHASE CURRENT 
TRANSMISSION FOR STREET RAILWAYS. * 


By Maurice Hoopes.* 


Aside from the demands of what is usually considered 
steam railroad service, the business of the ordinary urban 
and suburban railways has grown lately in a way that 
requires some means of augmenting the usual method of 
power distribution. Lines have been extended to greater 
distances from power stations, and traffic has increased on 
lines which always have been remote from their points 
of power supply These conditions have arisen at places 
where disadvantages of location or lack of sufficient load 
would render additional power stations unprofitable. To 
meet such demands, several methods have been devised 
The consideration of the comparative merits of these sys- 
tems is the prircipal purpose of this paper. Before un 
dertaking this task, however, the writer desires to 4is- 
cuss some of the cooditions met with in the operation of 
the ordinary 550-volt distributing system. Some of the 
points raised have been frequently made. For ‘hese an 
apology is offered in advance, the excuse being that they 
are sufficiently important to bear reiteration. 

The usual electric railway listribution system, with its 
copper network as one, and its iron network as the cther 
half, offers rather more complicated problems than does 





Fig. 7..-Cooled Slowly. 


Fig. 8.—Quenched. 


Fig. 9. Annealed. 


OPEN HEARTH STEEL, CARBON 0.55 PER CENT. 


ered with what appear to be small blisters of beau- 
ful iridescence, 

Fig. 3. Iron wire from main cables of the old 
Niagara suspension bridge, lately replaced, after 
orty years’ use. No carbon present, and black is 
so-called “cinder spots.” Should show crystalliza- 
tion plainly, according to the theory of fatigue of 
metals, but crystals wholly absent.* Made in Eng- 
land. 

Fig. 4. The light portion is ferrite, with lamel- 
lae faintly shown in large central mass; pearlyte 
is dark, Theoretically should be composed of about 
ov, of pearlyte to 63% of ferrite. 

Fig. 5. The whole mass is martensite. 

Fig. 6. Crystals apparently divided between fer- 
te and pearlyte structure; walls are ferrite. 

Fig. 7. Theoretically should be pearlyte 65% to 
» 35%. The darker portion as shown, is the 
ferrite as left by etching, and without polishing on 
hamois, which would turn it white and brilliant, 
asin Fig. 1. Signs of lamellae in lighter portions 
of pearlyte, 

Fig.S. Whole mass of martensite considerably 
irker in color than in Fig. 5. 

Fig. 9. Crystals not wholly distinct, and have 
not succeeded in developing any crystals in higher 
grade steels than this. 

Fig. 10. Hard tool steel; pearlyte masses are 
surrounded by brilliant metallic cementite walls. 

lig. 11, Martensite masses surrounded by ce- 
itite walls, the latter almost absorbed through 

higher saturation point of martensite for 
rbon, 
lig. 12. Pearlyte, with small segregated points 

‘mentite, the lamellar form of pearlyte show- 
o¢ plainly in center. Specimen was hammered as 

\l as rolled, and is a very fine high grade cruci- 
steel, 


Specimens grouped together were cut from the 


tifyy 
iu 





ferrite 


“We understand that the theory of “fatigue of metals,” 
or the “crystallization” theory does not hold that iron sub- 
ited to repeated stresses for forty years or more will 

sarily become crystalline, but only that it will be- 
so if the stresses are beyond the elastic limit. There 
co evidence that the wires in the N ra bridge were 
r subjected to such stress.—Ed. Eng. News. 
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the ordinary form of all copper circuits. The latter sys 
tem is symmetrical, whereas the former is likely to have 
greater resistance in the copper than in the iron portion 
A rule that holds good of both systems is that the muxi- 
mum benefit in reduction of total resistance, due to the 
addition of a given amount of conductor, results when 
the addition is made to the parts in which the drop is 
greatest per unit of length. An observance of ‘his ruie 
is important in adding to distribution systems. This de 
mands a careful analysis of existing conditions. Le 
fore adding feed wire to a railway circuit, it is important 
to know the drops, under usual load, of the parts of the 
circuit. These may be found by the use of pressure wircs, 
or by short circuiting the trolley wire to the rail, and 
passing a given current through the circuit, measa ‘ing 
the total drop and deducting the calculated overhead rc- 
sistance from the total resistance thus found. Private 
telephone lines serve the purpose of pressure wires to 
measure track drops, and public lines connected through 
the exchange may be used without interference with the 
service. An exception to the general rule, that the «op- 
per should be added to the part of the circuit showing the 
greatest resistance is the case of a poorly bonded treck 
that may show less resistance than the overhead. Re-en- 
forcing such track with overhead copper connected to 
each end of all special work may result in the zreater de- 
crease in the total resistance of the circuit. This is really 
a special application of the general rule, rather than an 
exception to it, however. 

Means for regular and easy measurement of track 
joint drops should exist. For tracks having frequent high 
resistance joints, there is no better way than ~valxing 
over it with a low reading volt-meter connected to prongs 
on the end of a stick, that it may be bridged acro:s 
joints. For detecting poor joints in good track, where 
they are far apart and for the general inspection of the 
condition of track wiring, a car is convenient. A box 
trailer with each wheel insulated from all others, end a 
volt-meter connected between the two wheels on each side 
of the car may be used. A third meter connec*ing the 
two opposite wheels will indicate defects in cross bond- 
ing. The writer considers that it is unnecessary to compli- 
eate the measurements by attempting to measure the 
resistance of the joint. His experience is that, if a bond 
is loose enough to have abnormal resistance, it will get 


*A paper read before the American Street Railway 
Association, Niagara Falls, N. Y., Oct. 20, 1897. 

+ Electrical Engineer Lynn & Boston R. R. ©o,, Lynn, 
Mass. 








worse rapidly, and show excessive drop with even small 
aniounts of current it behaves very much as did the 
fellow’s little girl, and is either “‘very, very good,’ or 
“horrid.” 


It is universally recognized that the maximum effi 
ciency is obtained from a distribution system when it is 
operated as a whole, and not divided into sections. The 
liability of accident to railway trolley wires take it 


hecessary to separate them in such a way that trouble 


at one point will not block the whole road. hese 


sections 
should be as few as possible, while 


accomplishing the 
purpose for which they are designed. Where one toad has 
approxtnately 
equidistant from each of the two stations should 


nected with both. They may then serve to 


two or more power stations, the sections 


he eon 
equalize load 
between stations, the common section being cut loose from 
the station needing to decrease load Two feeders to such 
a section, one from each station, constitute a tie lin 
between stations. If desired, the potential may be raised 
in one station to a point that will deliver current into the 
other. Unless the drop in the combined feeders is ex 
Sive, it will probably be safe to allow the section 
tached to take the increased potential. Tie 
Stations which serve none but 


es 
at 
lines between 
emergency purpos.s, are 
expensive, especially if the stations are distant from each 
other. 

Where the ordinary methods of distribution are not ap 
plicable because of the prohibitive amount of ‘opper nec.s 
Sary, some one of the following systems is commonly used 
to care for the particular section: 

1. A “special generator’ run at increased voltage and 
usually overcompounded as much as 
the section and no other load. 


2. A “‘booster,’’ 


possible, handling 


consisting of a series wound generator, 
connected in series with the feeder 
station bus. The ficld turns of this generator should be 
such as to make the e. m. f. of the 


as it leaves the taain 


armature as nearly 
as is possible equal to the drop in the feeder, throug)wut 
all ranges of current. 

3. The “three-wire system.” 
of the section into two. 
the regular bus, and the 


This requires the division 
One-balf is then supplied trom 
other from a special generator, 
with the polarity reversed, to bring the trvll y wire oj.po 
site in potential to that of the rest of the system. Th 
trolley wire should be so divided into the two half se 

tions as to leave, as nearly as possible, equal loads on 
the two at all times. With this arrang+ment, the 
in the track is only that flowing from the cars 
‘alf section to those on the other. If 


current 
on one 
these half sections 
are located near each other, this path through the track 
is very sheit. For this reason it is usual lo make 
track of a double track road one half, and the 
track the second half section 


one 
other 
Unless conditions are such 
that the irs are likely to be bunched on one track this 
seems the better way of dividing. In addition to veonduct 
ing current between cars, the track has to conduct back 
to the power station the excess in current 
hal? section cver that used on the other. 
4. The “alternating current transmission system."’ The 
only form of alternating current system desirable for rail- 
way work consists of high voltage, multiphase generators 
(or low voltage generators with step-up transformers) 


used on one 


In 
the main station connected with one or more substations 


containing step-down and rotary transformers. ‘There 
some half-dozen such systems in use in this 


are 
country, of 
which the best known are those from Lowell to Nashua, 
aud from the station of the Niagara Falls Power Co. to 
Bufialo. 

With any of the foregoing systems, the storage baticry 
may be applied as an auxiliary. In a railway power sta 
tion, a battery is useful to the extent that it improves 
the station capacity and fuel economy by -emoving tix 
immediate fluctuations. The writer considera that there 
are few instances where a battery can ve installed, with 
resulting profit, where its function is the storing of power 
one hour for use the next. Except with very short time 
peaks, the battery costs as much as the additional gens 
rating apparatus *articularly in small stations, how- 
ever, there is such a variable load that it is impussible to 
average full load from the station for a period of time, 
because of the inability to handle the very great short 
time overloads that such an average load demends. In 
such a station, a battery may result in a considerable in 
erease in station capacity, and by allowing «he engines to 
operate at practically constant loads, reduce the fuel con- 
sumption greatly. While a battery may do these things 
in the station, it may do even more remote from the sta- 
tion. In the latter location, it will keep the potenrial 
near it practically constant, and will also maistain uni- 
form current flow between the station and the particular 
point, thus adding the advantages of regulation and 
greatly increased copper efficiency. 

One side of the story makes a pretty good case for the 
storage battery; unfortunately, the other must be told. 
The first cost of a battery is so very great that reasonable 
interest and depreciation on the amount invested will 
more than consume the apparent saving in many cares. 
Especially is this so in the case of a battery located on 
the line, where it has been shown that the gross saying 
is the greatest. This is true because it requires a very 
much larger investment in battery to care for the load 
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variations of a given station if the batteries must be 
divided up among several substations, the load factor of 
each of which is necessarily lower than that of the main 
station. The sum of the maximum variations of the sev- 
eral stations is always greatly in excess of the maximum 
variations in the main station. If, however, a power sta- 
tion were to be located at a considerable distance from a 
single center of distribution, through which all feeders 
from the station passed, it is quite probable that 2 battery 
placed at the latter point would result in a net saving, 
due to its giving each, the station and copper, an uni- 
form load. 

When it becomes necessary to select from the foregoing 
list the most suitable system for a given case, there are 
many conditions to consider in the decision. Eitaer of the 
first three, the special generator, the booster or the three- 
wire system, may be arranged with the apparatus in apy 
railway power station, assuming that {t includes a reserve 
generator of the necessary size. It is better to use standard 
railway machines for these purposes, and, if rossible, 
to arrange the station so that any one of the regular 
station machines may be used. It frequently occurs that 
one or more sections of line fed from a «ertain station 
have copper enough leading to them to care for them 
properly at all times, excepting a few hours on cach ordi- 
nary day, and for longer periods on heavy days. While 
the work may be quite variable at times of Nght load, 
when the load increases it becomes more nearly uniform. 
Such sections may be satisfactorily supplied over the 
copper designed for the lighter load, by raising the volt- 
age on the station end of the feeder during heavy louds. 
Usually, the margin in the field rheostat will allow the 
increase of voltage on any one of the generators, to a 
point considerably above the normal. Whom this is not 
so, it is possible that the generator speed may be in- 
creased, unless limited by the requirements cf safety in 
the driving engine. 

In one or both of these ways, it is often possitle to get 
from 700 to 750 volts from a standard 550 volt machine. 
This increase enables the heavy load on the section to be 
handled very satisfactorily. The voltage at the feeder end 
necessarily varies with the load, and with ordinary fluc- 
tuations there may easily be 100 volts difference between 
the minimum and maximum. A recording volt-meter 
placed at the feeder end will show a very inky piece of 
paper, after a run. In practice, on a line which the writer 
finds it necessary to handle in this way, he gets varia- 
tions from 450 to 550 volts. The minimum is infrequent, 
however, and the schedule is made apparently as well as 
though the potential were absolutely uniform. Consider- 
ing the question of abuse of apparatus, the increased volt- 
age is not likely to injure a generator of modern con- 
struction. Practically, the only additional care that scems 
necessary is of the generator fields, noting that the in- 
creased current in the shunt windings does not heat them 
above safe temperature. So long as the potential at the 
car stays under 600 volts, there is little probability of 
trouble with equipment. Although the writer has had no 
such experience, he has known of cases where higher 
voltages have caused the arcs at controller contacts, when 
breaking, to jump to the iron frames. This difficulty has 
been experienced more particularly on small roads using 
boosters, where one car might constitute the entire load 
on the booster. At times of throwing off the power, 
the booster holds up its potential for a sufficient time to 
result in a very greatly increased voltage during the time 
of the controller opening. 

The method just described has the advantage of sim- 
plicity and economy. Cases arise, however, when the 
very great fluctuations in load make its use impractica- 
ble. With a line which, at certain times, carries very 
heavy current, as compared with the average, there must 
be some means of automatically raising and lowering the 
voltage at the station end of the feeder, to properly com- 
pensate for the variable drops. To accomplish this, a 
booster is used. As has been said, this machine is a series 
wound generator, connected in the feeder as it leaves the 
main bus, and so proportioned that a given current 
through it will give sufficient field strength to induce an 
e. m. f. in the armature equal to the fall of potential 
which the same current causes in the feeder. In practice, 
this condition is only approximated. Were the generators 
to have a perfectly straight characteristic curve, of 
proper pitch to match that of the feeder drop, the feeder 
and potential would exactly coincide with that of the 
power station. The curves of all dynamos droop away 
towards the horizontal as the magnets approach satura- 
tion. This results in the booster failing to compensate 
wholly for drops of current above a certain amount. In 
practice, however, boosters are used which raise a fecder 
potential to 1,000 volts, and care for variable loads with- 
out allowing the light load voltages to rise, at the feeder 
ends, to dangerous amounts. The system iias the advan- 
tage of caring for extreme overloads on particuiar feeders, 
and is useful in cases where, for short periods of time, 
the feeder is such as to cause excessive drops, and the 
time is not great enough to justify increased copper in- 
vestment. On the other hand, it is expensive in operation, 
due to the fact that it wastes considerable energy, and 
that it generates this wasted energy in rather an extrava- 
gant way. If the booster is engine driven, the engine has 
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widely fluctuating loads to handle, the load varying as the 
square of the current in the feeder. These veriations 
necessarily result in a very low economy for the cngine. 
With a motor-driven booster, there are the constant losses 
of the two machines to meet. These are not so great #8 
those of the engine and booster, but the necessity of 
keeping a particular generator for use as a bvoster limits 
the flexibility of the arrangement as compared with one 
which permits the use of any of the regular station gene- 
rators, and, moreover, the addition of a motor bvoster 
does not increase the capacity of the station, as the power 
to drive the motor must come from the engines. The 
compounding of the standard types of railway generators 
is usually such that, when full load current is passed 
through them, the series turns alone wili raise the fields 
to a point that will induce nearly normal e. m. f. in the 
armature. This adapts the machine for use as a booster 
on almost any line, excepting one requiring sore than 
100% increase of potential at times of full load. As lines 
when so overloaded would be much better provided for 
by the addition of more copper, they need not he con- 
sidered. In most cases, it is necessary to cut down the 
e. m. f. of the standard generator in order to secure the 
proper ratio of e. m. f. to current for boosting, und this 
may be done by decreasing either its speed or the num- 
ber of field turns. The former method has the advantage 
with an engine driven unit of improving the engize 
economy by lessening the friction losses and keeping the 
cut-off at a less wasteful point, whereas, the latter is the 
simpler way. To accomplish this, the writer uses a long 
German silver strip of sufficient section to carry the pro- 
portion of current that it is desired to shunt out of the 
fields. This strip is fastened to the generator frame, con- 
nected across the terminals of the series field, und doubled 
on itself in such a way that a clamp may be slid back or 
forth on it, raising or lowering its resistance. Knowing 
the resistance of the feeder upon which the machine is 
boosting, the clamp may be shifted to the point where 
the ratio between the reading of the voltmeter and am- 
meter is equal to the feeder resistance, and the proper 
adjustment reached. ° 

For temporary uses, it is possible to make the nec- 
essary switchboard connections with flexible cables as the 
only adjuncts to the apparatus on the regulation board. 
A cable which may be attached to the positive icad of any 
of the generators, at the switchboard, and to any feeder, 
answers the entire purpose. With some boards, it is only 
necessary to have terminals on the cable that may be in- 
serted into switch jaws. If the generator leads and the 
feeders happen to terminate into switch blades instead of 
jaws, the cable must have its ends fitted to clamp quickly 
to these blades. With this preparation in order to transfer 
a particular feeder to a special generator for the purpose 
of increasing the voltage upon it, the cable should be at- 
tached to the positive generator terminal, the other end 
hung convenient to the feeder switch, the generator built 
up already for use, the feeder opened and attached to the 
cable, and finally, the circuit breaker and negative gen- 
erator switch closed. If it is desired to extend this sys- 
tem to booster working, it is necessary to have a sec- 
ond cable leading from the positive bus bar and czpabie 
of connection to the negative terminal of the booster. It is 
best to include a circuit breaker in this cable to protect 
the booster, as the regular generator circuit breaker will 
be cut out. 

At best, however, cables are troublesome appliances and 
allow only comparatively slow transfers. Moreover, it is 
impracticable to arrange cables so that two generators 
may be run in parallel on the special high voltage service. 

In a modern station of few large units, it is improbable, 
were the necessity for booster service to exist, that one of 
the large generators could be spared or would be desirable 
for the purpose. In such stations, however, it is usual 
to install a smaller machine to carry the all-night and 
other light loads. This machine might be relied upon for 
the booster work. If the engine driving it has its gov- 
ernor arranged to adjust for a large variety of syeeds, 
both above and below normal, and the unit be designed to 
run safely at the increased speeds, the combination will 
be found very convenient for meeting all classes of de- 
mand. The speed may be dropped for booster working, 
and raised when the generator is run at high voltage on 
a particular feeder. With this arrangement of dependence 
upon an individual unit for the special service, it is, of 
course, unnecessary to equip the whole switchboard with 
the extra negative bus. The double positive bus will be 
found convenient in any station, however. 


The “three-wire system,’’ although very useful in light- 
ing work, hes been of little service in railroad distribu- 
tion. Its value for the latter purpose has been consid- 
erably overestimated, although there are places where its 
use has resulted in the maintenance of satisfactory po- 
tential on sections of track, using the same copper, when 
the usual system could not approach doing it. The ad- 
vantage of the three-wire system is based on the fact 
that it enables the use of dou le the usual potential for 
distribution, thus in the perfect case requiring but one- 
fourth the copper to transmit a given current at a given 
loss. 

This law, that the amount of copper varies inversely as 
the square of the potential, is due to the fact that doub- 
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ling the voltage halves the current for a 2), 
of energy. The same percentage of loss allow 
twice the number of volts, and this, with but b are 
remt, adinits of the use of copper having four ' 
resistance, hence one-fourth the weight. TT), 
case"’ just cited is ove in which no third or 
wire is necessary. Such a one does not exist 
and this neutral wire has to be supplied to 
excess of the current used on one side of th. 
that used on the other, between the generat 
motors. In railroad work the rail is used as ; 
conductor. It is seldom that a whole road is 
this system, the common practice being to 
only those parts on which the ordinary sys 
sufficient. Where there are but one or two 
operate with the reversed potential, the swi: 
scribed may care for them satisfactorily. {| 
erator is made to build up with reversed pola: aha 
coupled into the auxiliary bus, it will ba 
feeders as may be thrown upon it as the negati 
a three-wire system. The generator may have |: 
charge reversed in a number of ways, one of » 
have the shunt field wired through a double th: witeh 
on the machine, arranged to disconnect the field 
the armature and connect them in the revers. 
to a pair of charging wires fed from the switch! rt 
machine may have its residual charge brought 
the usual direction by the commonly used means .; :), 
ing in the positive and equalizing switches, th the 
negative open, and allowing the current shunted au 
series coils of the other machines to ene, 
series coil. Where three-pole switches are used 1 (h 
generators, the shunt field double-throw switches v in 
omitted, and the field reversed through the seris 9) by 
using an X-shaped pair of contact pieces insulated tron 
each other at the point of intersection. These «, iy b 
pressed against the switch jaws in such a way a; to 
reverse the current shunted from the cther series (o,|s 
through that of the machine to be reversed. Whi re (i), 
three-wire system is the regular system of operation, and 
the sections are divided equally between the two <ides 
of the system, a regular three-wire board is pret ratje 
For a less general use of the system, the method dis: ripid 
answers as well. The arrangement then becomes th sa: 
as that of the “‘special generator,” with the polarity 
versed, and the potential on the machine may bv raise) 
above normal, and the advantage of greater allo wabl: 
drop in the copper added to that of the saving in track 
drop, due to the reversed current flow. 

The writer has said that the value of the thre wir 
system in railroad service has been considerably o\«r sti 
mated. This statement probably needs explanativ: lu 
lighting work, the three-wire system saves 62% of the  op- 
per. Each wire has to be but one-fourth as larg as 
with the two-wire system, but it is usual to make the 
neutral of the same size as the other wires, thus | 
quiring three wires, each of one-fourth the size of thos: 
of a two-wire system; hence the use in the three-wir 
system of three-eighths, or 374% of the copper necessary 
in the two-wire system. Because this is true of lilting 
work, it is ofter assumed to be true of railway work 
It is not, however, and in nu case where the track reu- 
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ders any appreciable service as a conductor, cin the 
saving from the adoption of the three-wire system ap- 
proach the above figures. In general, its use wil! wak 


a gross saving of the loss in track (assuming that there 
is no copper parelleling the track that may be used as a 
positive feeder). The net saving will be this gross ioss in 
track less the track losses due to the passage of cur- 
rent from car to car, and of the excess of current due 
to lack of balance, back to the power station, and the 
increased overhead loss due to the greater drops in the 
divided feeders than in them when combined. The only 
conditions where the method seems to be applicable, are 
those of excessive track losses with fair opportunities for 
balanced load. Such a case existed on the Lowell & 
Suburban road. They have a heavy business over a 
double-track line to their park, some six miles from the 
power station. By changing to positive feeders those 
formerly used as overhead returns, and operating the 
line as a three-wire one, they very greatly improved the 
efficiency of the distribution system. 

In the selection from the various systems of distribution, 
of the one best adapted to a particular instance, there is 
always a large number of variable factors to consider, 
and usually more or less speculation as to the values of 
certain ones on which no accurate data are accessible. 
This makes it impossible to work from fixed laws, and 
demands individual consideration of each case. For these 
reasons, there is considerable room for divergenc: of 
opinions in the matter. The writer has given his ideas 
as to the comparative infrequency of cases in which the 
three-wire system is desirable. The booster has a very 
much more general application, and is suited to a 
greater number of cases than in any one of the other 
systems. Nevertheless, wherever work can be haniled 
by a special generator, it should be, unless the change 
involves abandoning existing apparatus. The last method 
saves considerable over the booster, and is preferable for 
its simplicity. The only limiting condition to its use 1s 
satisfactory regulation. The alternating current system, 
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converter substations, competes with the 


Set hears 
cee _cetem and special generator in cases where the 
pene jo: (the ratio of average to maximum load) is 


: where the regular 500 volt transmission will 


oly ing only a few of the twenty-four hours. In 
aa Q , the copper losses, because of the length of 
one ‘oring which they are excessive, are so great that 
they mey often exceed the entire expense of an alternating 
transmi-sion system. The latter system also enters into 
competition with the independent power station for that 
class business that is too remote from an existing 
stat admit of satisfactory handling by the other 
seas yn methods, and too small to furnish load for 
such a station as may approach in economy the station 
ever ich the alternating transmission would be op- 


Cases of each kind arise with city roads in their 
r transmission to suburban centers of load, and 
with {pterurban roads, The roads which the city station 
rece from the surburban centers have usually a very 
low factor. At morning and night they are excessive, and 
through the remaining hours comparatively light. Were 
an alternating transmission system installed for such 
‘t would probably lie idle for a large part of the 
time, its copper being used to transmit direct current. 
During the heavy hours it could be called into service. 
This same service might be rendered by raising the volt- 
age on the direct current feeders by use of the special 
generators, and allowing the loss, which has been from 
sc, to 10% during the light load, to become 25% to 
aoc. In this way, the line may carry three or four 
times as much current, and maintain the voltage at the 
distant end. 

In comparing the system, it is necessary to compute the 
annual cost of each, including the items in the following 
list: 

Alternating Current. Direct Current. 

Fixed charges and repairs Interest, depreciation, and 
on main station static repairs on such increased 
transformers, if any, and cost of engines and gen 
on substation static, and erators. as is occasioned 
rotary transformers, and by their being fitted to 
accessories. furnish increased voltage. 

Fixed charges on substa- Cost of fuel to produce out- 
tion land and buildings. put representing difference 

Substation labor. between losses in direct 

current feeders and those 
in alternating current feed- 
ers and transformers. 

This assumes that the same amount of copper is 
used in each system, that the alternating system does not 
remove the need for sufficient copper to handle the load 
with direct current during a part of the time, and that 
this amount of copper will suffice for heavy loads by 
means of the increased direct current potential trans- 
mission. Should the load be of such a nature that the 
alternating transmission would be operated throughout 
the whole time, there may be a correction made in its 
favor of the annual cost on the increased amount 
of copper necessary for the direct current system over 
that for the alternating system. It is probable that the 
direct current generator and engines need not “be in- 
creased in cost more than 10% by the requirements of the 
increased voltage. The writer has said that he is op- 
erating satisfactorily with machines designed for the 
standard voltage. Points which should be made against 
the alternating current system, which cannot be given 
exact money values, are the danger to life from the 1in- 
creased voltage, lack of uniformity in equipment, making 
lack of flexibility in stations (where, under the other ar- 
rangement, any generator may serve any demand), and 
the danger of delays due to the increased complication of 
the system, it sometimes requiring fifteen or twenty 
minutes to start the substation machinery and get it into 
service after it hag been stopped in the midst of load by 
accident. These points of disadvantage are very im- 
portant ones, and operating companies can well afford to 
expend considerable money to avoid them. Especially 1s 
it undesirable to install for railroad work a system 
which may be disturbed by the extreme overloads such 
work introduces, and which cannot be restored to an op- 
erative condition immediately the load is brought within 
bounds. With the rotary transformer system, any short 
cireult or extreme load, which is not relieved by the sub- 
station direct current circuit breakers, may stop the 
rotaries and shut the power off the line during the long 
interval it takes to start them and put them into service. 
In the comparative estimate, the results depend more 
upon the load factor than any other condition. .With it 
sufficiently high, the alternating transmission may show 
an economy over the direct current for areas within a 
very few miles of the power station. Unfortunately, how- 
ever, the yearly load factor is usually very low on rail- 
Toad work. With such a condition, ft is cheaper to have 
excessive losses in copper at times of heavy loads than 
to carry the necessary equipment of alternating transmis- 
sion apparatus to keep the losses down at such times. The 
railroad manager naturally insists that the voltage be 
maintained reasonably near its normal value over the 
whole road at times of heaviest business, Estimates 
‘iat show immense costs for copper to accomplish this 
‘nder the regular distribution system make him turn to 

consideration of additional power stations and multt- 

‘ase transmissions. If he can be shown that he may 
are for his maximum loads over the existing copper 


use, 
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by simply raising the voltage on the station end of the 
sections of heavy loss, and pay for the loss with coal in- 
stead of with interest and depreciation on a great amount 
of additional machinery, he is likely at least to determine 
carefully which he can better afford to do. While, in 
the writer’s opinion, the majority of cases may be best 
handled by direct current distribution, there are many 
instances of need for a distribution system where none 
but the alternating current system is applicable. Where 
water powers are used, they are almost always so remote 
from the center of load that very high potentials must be 
used for economical transmission. Long interurban roads 
operating so few cars that load can be had for only one 
Power station, bring a condition where distribution must 
be so accomplished by substations, on the alternating 
system. The Lowell transmission presents a case where 
it was a problem whether to care for the new territory 
with a separate station, or to transmit from the existing 
station. So much has been written about the multiphase 
current system that was decided upon and installed 
there, that it is unnecessary to attempt a description of it. 
Mr. Sullivan, the general manager of the company, has 
kindly furnished the writer with a copy of the estimates 
from which the choice of systems was made. He states 
that operation justifies the estimate in its statement of the 
cost of the multiphase system. It showed the cost of 
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ever, given the various systems the same relative im- 
portance in the paper that he considers them to have in 
application. Hence, the subordination of the alternating 
current system in the consideration of the general sub- 
ject of power distribution. 

— _— -. _—_ 


AN AMERICAN LOCOMOIIVE FOR SOUTH AFRICA. 


We show herewith a view of a locomotive built 
for the Cape Government Railways, of South Af- 
rica, for photogradhs and particulars of whi h 
we are indebted to the builders, the Baldwin Lo- 
comotive Works, of Philadelphia, Pa. 

The engine is one of six, intended for passen 
ger service, and designed to consume an inferior 
quality of coal as fuel. They are for a track of 
3 ft. 6 ins. gage, which is the standard gage of 
railways in South Africa, They are of the Atlantic 
type, resembling somewhat an eight-wheel en- 
gine, but with the driving wheels set forward of 
the firebox, and having a small pair of trailing 
wheels under the firebox, so that the engine has 
ten wheels, only four of which are driving wheels 
The engine is of distinctly American appearance 
and is equipped with pilot, circular headlight, ex 





PASSENGER LOCOMOTIVE FOR THE CAPE GOVERNMENT RAILWAYS. (SOUTH AFRICA.) 
Baldwin Locomotive Works, Builders. 


power delivered to the trolley wire to be, for the trans- 
mission system, 70% of that for the separate power sta- 
tion. There were no figures showing what this work 
could have been done for with a booster system. In- 
asmuch as the latter method has been used successfully 
in place of the other, temporarily, it would be interesting 
to know its comparative cost. Tests of the Lowell system 
extending over eighteen days show an all-time efficiency 
of 76% as measured from alternating generator output to 
rotary converter output, the losses being those of two 
sets of static transformers, line and rotaries. The max- 
imum efficiency for any one day was 73%. The voltage 
regulation at the substation is about equal to that of a 
well-governed steam-driven power station. 

The writer has said that the use of alternating currents 
for ordinary electric railways is limited to the rotary con- 
verter system. This is due to the fact that alternating 
current motors, in their present state of development, are 
not adapted to the needs of such railways. As yet their 
use for traction purposes is limited to a few European 
roads. of which the best known is in Lugano, Italy. Al- 
ternating motors have the disadvantages of limited torque 
and tendency to synchronism. This makes them poorly 
adapted for the uses of any line but one having long runs 
at practically uniform speeds, and few stops. These con- 
dittlons are those of a through express service between 
cities. Accommodations and ordinary street railway ser- 
vices are such as can only be handled satisfactorily by 
direct current motors. At first notice, this fact seems 
rather contradictory to one’s ideas of the flexibility of 
alternating currents. The ideal system has been thought 
to be one composed of a generating station containing 
large multiphase generators, with lines distributing cur- 
rent at a potential high enough to require but a compara- 
tively small amount of copper, static step-down trans- 
formers, and motors that may be regulated throughout 
all desired variations of speed by merely changing the 
impressed e. m. f. with a controller depending upon the 
use of various ratios of transformation. This dream 
included the freedom from the care of commuters, and 
pictured a car equipment that would need a minimum of 
attention. Were it possible to realize all of these ad- 
vantages, it is probable that the somewhat serious com- 
plication introduced by the necessity for two trolley 
wires might be tolerated. There seems to be little prob- 
ability, however, of an early solution of the problem of 
adapting the alternating motor to the intermittent work 
of the street railway. 

In conclusion, the writer desires to say that the title 
of this paper may have led some to expect rather more 
particular attention to the multiphase transmission sys- 
tem, and less about direct distribution. He has, how- 


tension smokebox, etc., but it has no bell, and the 
brake hose is not for the Westinghouse brake, but 
for the English automatic vacuum brake. The 
crosshead is deep and of the “alligator” pattern, 
with two slide bars. The rear driving wheels 
are the main drivers, and the connecting and side 
rods are all of I section. In the equalizing ar- 
rangement it will be seen that the rocker over the 
trailing axle box is connected by hangers, with 
the driver spring equalizer and with an inverted 
semi-elliptical spring seated under the rear end 
of the main frame. The tender has channel fron 
frames and is carried on two passenger trucks, 
with inverted semi-elliptical springs, seated on 
the equalizers. The general dimensions of the 
engine are as follows: 
Passenger Locomotive; Cape Government Railways. 

Running Gear: 





Driving wheels, diameter ...................4ft. Sine 
Truck wheels, diameter ................. iw. = 
Trailing wheels, diameter ......... b eaue bade 
Tender wheels, diameter ............... uaa as 
I OEE, hanced denedcccces -.+....Swing bolster 
Journals, driving axles .................++-+.-7%x 8 ins 
ys UGG GRION siccccccccctvescscves ee & 
= pr un, Lo tenceeile ERE RET ee «l4xo “ 
- ST A dincsedsetoctesddvade 14x8 “ 
Wheel Base: 
PT Stnterenehehtee sé. bh6%s-dachne een a dee ee ex eee 6 ft 
Tena wr eeeOess 6 ee BUC s60 of Kesk devetvecdebevee = 
Total engine . dad deh esn< aes kaebeca 2 ft. 6 ins. 
ice cat ae hmbee& on ae wand nee oo 2? 


Total engine and tender ........ odes sbobes 4m ** RY," 
Center of truck pin to center leading driver. 7“ 6 “ 
Weight in Working Order: 


NG oo bak caaceecdovaveeset’ 51,800 Ibs, 
Ce SR Es atcabisd c cedck vod saneceedes 25,400 ** 
a IE nie noe csld dicen dectcansed 21,800 “ 
NSE Wok a:b whcuade«s én wasecaece d 99,000 * 
Tender, total ..... ee ebtainn6-as «quicken dea 63,000 “ 
Engine and tender, loaded ................. 162,000 * 
WEE RET AG can bce ed ests <dese ac cae’ dee 20.530 “ 
Cay ee te INNIS Coes ovcdvces. ct cicane 9,468 “* 
Of full water capacity of tank .............. 24,002 * 
SE Sic Det cae ene ee. 6% 9% av aba 04x ca canes 16 « 22 ins. 
Distance center to center ................... sn. 7 * 
Distance center to valve face ................ a * Sa 


Piston rod, diameter ... 


Form of crosshead and guides ... 


“se *eeee + 
. .Double-bar. 


Connecting rod, length between centers ....... 9 ft. 6 ins. 
Valve Gear: 
Ce ehCakdhdeswa as «ondeda keg 14x16 “* 
RT OUINND ain tn cinadd dae wd dvee. ba eheadints 24x16 “ 
I vib. « worn neubocesams lap, %-in.; lead, 3-32-in. 
Slide valves; Maximum travel ................. 5% ins. 
Boitler—Type ............-. HistvadinecRae ae Straight top. 
Diameter of barrel inside ........ — ee 4ft. 8% “* 
Thickness of barrel plates .................02.. 9-16-In. 
Thickness of smokebox tube plate ............. - «%-In. 
Height from rail to center line ............ 6 ft. 11 Ina. 
h of smokebox and extension front ....5 “ @ “ 
Working steam pressure ............... seeeee. 180 The, 


i Ra ee 


<p PA TERS CDE ET RT A FS 
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Firebox: 
Length, inside ...........+. } ae dotatw weess vesuseuse 6 ft. 
WEAR, INGE . ciccvcssecsse Be dessneeec seansee sess oe 
Depth Ot fremt ooccecscenscccesceoscecesens 4ft.5% ins, 
SORE OE AE 2 bb nko. us 601,655-600 bey pve sees 4° 2% 
Thickness Of BIGO PIMVED ci ccsccvecvccccccscscecss %-in. 
back plate ....ccsvscee sescvceseses Lyin. 
- GUO GONE a rin.cs 00 65.06 cbedes oveds 5-in 
e Cal MES Ss wove bos cee n8 e200 % and %-in. 
Lg SEE TEEPE Tee TCT eer Peres Li. 3O sq. ft. 
BLAVOOIS, GIAMCIET .occcccvcnseveccnvseussvesses 4-ins. 
Btay bolts. os.ccrsccvses diameter, 1% ins.; pitch, 4 ins. 
Water space, width..front, 4 ins.; back and mone. 3 ins. 
WG. « ohana waas scndase ses. t000 —— brass; 189 
TRG 6 i ois vinc civic ncéheeccbes Nos. 12 and 13 WwW. G. 
DAAMOCES 06 ooo csccesess inside, 1.782 ins.; mn.2 2 ins, 
Length between tube plates ............... 4 ft. 9% = 
RIED ncccccs ceccdeusesvstscesenshesbass sewed > ” 
Total fire are of tube ODORIATE. 0 o¢a0rascaveen 2.34 sq. ft. 
Heating Surface: 
RAtIO CO BTBCS TOR 2. cc cccccecccccsysuness 51.995 to 1 
Ratio of exterior tube area to firebox htg surf 14.89 ‘“ 1 
" Tebow, OXteMor 2... ccvccccccccccccvscese 1,461.70 sq. ft. 
 .  cpacesshenesde, bt ohenaerhe eons 98.15 ‘* 
Total with exterior tube area ............ 1,559.85 *“ 
Miscellaneous: 
Exhaust nozzle, diameter ...... psugees 2%, 3 and ec ins. 
Smokestack, smallest diameter ..........++++--- 
Smokestack, height from rail to top ........ 12%.8 “ 
Capacity of tank .......-.cecssceseevssees 3,000 gallons 
Capacity of coal space (heaped up) ...........-. 6 tons. 
Brake fittings .............. English automatic vacuum. 


Tractice force per Ib. effective press. on piston 100. 57 Ibs. 
Total tractive force with effective pressure = £ “Y 


Ol BULIEF PTORTUTES 6.occ cicscndscagscsvcevede 4,482 *“ 
Total adhesive tractive power at 4 of weight i 
BIRT .50c0n esr cheer eke bantebbmn seme iente 950 ** 


BACTERIAL TEST OF MECHANICAL FILTERS AT 
LORAIN, 0 


The State Board of Health of Ohio has recently 
come to the front as one of the leading bodies in 
matters pertaining to the sanitary phases of water 
supply and sewerage. Backed by efficient leg- 
islation—a backing that some other State Boards 
would be glad to have, but are compelled 
to do without—it now exercises a comparatively 
rigid supervision of water supply and sewerage 
improvements in Ohio. The last number of the 
“Ohio Sanitary Bulletin,” published monthly at 
Columbus by the Board, contains a ‘‘Report on the 
Mechanical Filtration of the Public Water Supply 
of Lorain, O.,” from which the following has beer 
taken. 

Lorain is situated on Lake Erie, at the mouth of 
Black River, seven miles below Elyria. Its popu- 
lation in 1890 was 4,863, but the recent erection 
of the large steel plant of the Johnson Co. has 
added largely to the population, which is now be- 
lieved to be 10,000. Elyria now has a population 
of about 7,000. The sewage of each city is dis- 
charged into the river. 

The water supply of Lorain (introduced in 1884, 
by the town—Ed.) was, until 1895, taken from 
Lake Erie, at a point 1,200 ft. from the shore line, 
and a few hundred feet west of the mouth of Black 
River. The prevalence of typhoid fever after the 
discharge of sewage from Lorain into the river, 
led the water-works board to apply to the State 
Board of Health in 1895 for an approval of an 
extension of the intake 310 ft. further into the 
lake. Approval was withheld, pending investiga- 
tion, the Health Board not being satisfied that the 
proposed new intake would avoid the sewage con- 
tamination. Apparently the intake was extended, 
although the report does not say so definitely. 

In June, 1896, application was made to the State 
Board of Health for approval of a proposed con- 
tract with the O. H. Jewell Filter Co., of Chicago, 
for a mechanical filter plant, the plant to be sub- 
jected to six months’ trial before acceptance by 
the city (and to remove 97% of the bacteria in the 
applied water, this guarantee not to apply when 
the number of bacteria,in the effluent falls to 200 
per cu. em.—Ed.). The change in supply was 
approved, subject to the results of the trial. 

In April, 1897, the water-works board submitted 
to the State Board of Health reports relating to 
the operation of the filter plant from Dr. A. J. 
Baumhardt, City Bacteriologist, and Mr. Arthur 
Brown, Chemist for the contractor. The Health 
Board decided to have independent tests made 
and instructed its secretary, Dr. C. O. Probst, to 
arrange for the same and submit a report on the 
results obtained. Mr. Allen Hazen, Assoc. M. Am. 
Soc. C. E., of New York, was engaged as consult- 
ing engineer, and the filters were tested for five 
weeks, or from June 13 to July 17, 1897, under his 
instructions, by Mr. F. S. Hollis, of Boston, as- 
sisted by Mr. B. H. Flynn, of Columbus. 


Mr. Hazen’s report opens by describing the 


' filtered lake water was pumped to the city. 


pumping plant and the various points considered 
in figuring, from the pump counter records, the 
amount of water filtered during the tests. 

At the time of the test the plant was being oper- 
ated by the contractor, not having been accepted 
by the city. The plant includes six filters, each 
17 ft. in diameter, and having an effective filtering 
area of 226 sq. ft., or a total of 1,356 sq. ft. The 
filtering material is 4 ft. deep and consists of sand 
from Red Wing, Minn., having an effective size of 
0.4 mm, (0.014 ins.) and a uniformity coefficient 
of 1.7, the grains being smooth and nearly spheri- 
cal in shape. The rate of pumpage to each filter 
is -ontrolled by a butterfly valve operated by a 
float on the water in the filter. A “reasonably 
constant rate of filtration” is maintained by a float 
controlling the outlet valve.* 

The balance of Mr. Hazen’s report is as follows: 


On June 18 the alum pump was out of use, for repairs 
to connections, for three hours, and water was filtered 
without the addition of alum. On June 28, at 11.30 p. m. 
the pipe from the Gordon and Walker pumps to the 
filters burst, and repairs were not completed until 2 
p. m. of June 29. During this interval of 15 hours un- 
No samples 
were taken for bacterial examination during or immedi- 
ately after this condition. 


Amount of Wash Water Required. 


It was at first thought that the wash water as dis- 
charged from the filters could be measured in tubs set 
for that purpose, but it was soon found that the quantti- 
ties were too large, and a weir was then placed so 
that all of the wash water flowed over it. The height 
of water on this weir -was taken at minute intervals 
during representative washings, and the quantity re- 
quired for each washing calculated. Forty-one washings 
were thus observed, and the quantities of water used 
for the other washings were estimated to be the same 
as the average of those observed. The average number 
of filters washed per day was 14. The time required for 
washing was from 4 to 12 minutes, averaging 8% min- 
utes. The average amount of water used for washing 
one filter was 8,200 gallons, or about 1,000 gallons per 
minute for the time of washing. The greatest ordinary 
rate of draft during the washing was 1,500 gallons per 
minute. The quantity of water used for washing was 
equivalent to a solid column of water 5 ft. deep and of 
the same area as the effective filtering area of the filter. 
The reverse rate of washing, 1,500 gallons per minute, 
is equivalent to 6.7 gallons per minute per sq. ft. of area, 
or about six times the rate of filtration ordinarily used. 
The wash water amounted to 5.1% of all the water 
pumped from the lake, and to 5.5% of the output of fil- 
tered water available for the use of the city. 


Sulphate of Alumina Employed. 


The sulphate of alumina used as a coagulant was 
anslyzed by Prof. N. W. Lord, of Ohio State University, 
who found it to contain 44% of water of crystalization. 
The sulphuric acid, reckoned as Sts;, was 37.4%. It is 
what is known as Natrona alum, and of the grade com- 
monly used in mechanical filtration. 

This alum was weighed out into large tubs at inter- 
vals and dissolved in water which was then pumped 
through a small meter into the water approaching the 
filters, the amount applied at any given time being 
regulated by the speed of the pump. A record was kept 
of the amount weighed out each day and of the stock on 
hand at various times, and of the amounts bought, which 
accounts agree substantially. The quantity of alum per 
gallon was calculated from the amount used each week, 
reckoned upon the water pumped by the Gordon and 
Walker pumps, with 10% allowance for slip, less such 
amounts of water as were used without filtration and 
as were filtered without the use of alum. 


Quantity of Alum by Chemical Analysis. 


When sulphate of alumina is added to Lake Erie 
water before filtration, it 1s decomposed, and the alu- 
mina is precipitated and retained by the filter. All of 
the sulphuric acid passes through with the effluent and 
the sulphuric acid is increased over that in the lake 
water by the amount added. It was found possible to 
determine the amount of sulphuric acid added to the 
water in this way with great accuracy, and tests were 
made in this way regularly at least twice each day 
during the period of the tests, and the quantities of 
sulphate of alumina corresponding to this increase in 
sulphuric acid were calculated and compared with those 
calculated from the weights. 

These results show that the amount of sulvhate of 
alumina added varied considerably. In the first three 
weeks it was found that the quantity of sulphate of 
alumina added to the water varied from 3.9 to 2.1 grains 
per gallon, and in the last two weeks the quantities 
ranged from 1.7 to 0.8 grain per gallon. These very wide 
fluctuations in periods when the quantities were intended 


* The Jewell system of filtration. “as in operation at at 
some twenty places. was described in detail in Engineer- 
ing News for May 21 and 28, 1896.—Ed. 


to be constant suggest the desirability of im; 
apparatus for controlling the amount of alum 

For the whole period the quantity of sulp).: 
mina shown by the increase in sulphuric aci; 
greater than that calculated from the wrig 
discrepancy may be accounted for by a gr: 
slip than that assumed, or by the use of ; 
during the day than during the night (chemi 
were taken in the day time only), or by error 
sis, or by other minor unavoidable errors, or ; 
bination of two or more of these possible 
error. The agreement is sufficiently close to ; 
dence in the measurements as a whole. 


Quantities Filtered, Etc. 


During the first five weeks of the test 79,6 gal 
lons of water were pumped from the lake t 
quantity 271,000 gallons were filtered withou: i 
dition of alum (owing to a break in a st : 
1,406,000 gallons were pumped to the city wit! a8 
ing through the filters, while 77,960,000 gallon pics 
through the filters. Of this quantity 4,069,010 lor 
were used as wash water, leaving 73,629,000) ca 
an average of 2,104,000 gallons of water per d 
amount of properly filtered water pumped to it 
The quantity of alum used was 20,330 lbs, LS 
grains per gallon, reckoned on all the water, iir 
wash water, to which alum was applied. Th: 
of alum shown by the increase of sulphuric ac 
effluent over the lake water was 2.01 grains per c.jiip 
or 10% more than the quantity shown by th abo 
rates. The average rate of filtration was 1.14 llons 
per sq. ft. of filtering area per minute, no deductin \x 
ing made for the time when filters were out of u. fo 
the purpose of being washed, or for the amount 
water not available for the purpose of supply. 

The quantity of alum employed was about 2. 2:4 
per gallon during the first three weeks of the t 
quantity was being used by the O. H. Jewell File: © 
for the purpose of securing an effluent of the g ats 
possible purity. As the final payment for the filtrari » 
plant depended upon their securing a certain ba tri 
efficiency for six months, they were unwilling to 1 du 
the quantity of alum before the final acceptanc: of t 
plant. It was arranged, however, that the represents 
tives of the city should take no samples for a peri 
of two weeks, and upon that being agreed to by th 
city, the quantity of alum was, at my request, reduccd 
nearly as possible to a grain per gallon for the lus: tw 
weeks of the test, at the expiration of which peri: 1! 
quantity was again increased to about the amount pr 
viously used. 

Table I. is a tabular statement of the quantitis « 
water pumped, filtered and used for wash watrr, 
amounts not filtered, etc., the quantities of alum use! 
and the rates of filtration by weeks: 

TABLE I.—Water Pumped and Alum Used. 
Water Quantities: 1 = 1,000 gallons. 


Con- Fil- 
sump- Treat- tered Used 
Pumped tionof ed with- with- 


Week ending from filt’r’d with Wash out out 

















6:00 p. m lake. water. alum. water. alum. filtrin 
Fébe W..cccscca 14,700 13,569 14,429 860 271 .. 
cae .-15,080 14,160 15,030 Es 6:3 
SMe. dnecn ds ean 16,610 14,360 15,210 850 1,400 
we . ee 17, 16,690 17,440 750 eet 
mM “EF. ccawewen 15,580 14,850 15,580 730 
Total -. -79,360 73,629 77,689 4.060 271 1.4% 
Alum Quantities and Rates, 
Alum, grains, 
i—per gall.—; Averagi 
Calcu- rate filtra!io: 
lated = j;——in galls. 
from Per 
Week Alum Cost Ofall chem. sq.ft. 
ending used, of water an- per Per acre 
6:00 p. m Ibs. alum. tr’t’d.alysis. min. daily 
June 19 .. 5.320 $94.54 2.47 1.06 67,010,000 
«SB ’.. Bae 94.54 2.48 2.87 1.10 69.0000" 
July 3. 940 87.78 2.27 2.42 = 70,000,000 
“a Ltt. |. 47.27 1.07 1.85 80,000,000) 
ve i ae » 2,000 37.14 -94 97 14 72,000,000 
Total 1.83 71,500,000 


- 20,330 $361.27 2.01 114 


Bacterial Results. 


In all, 67 samples of lake water as pumped to the 1! 
ters, and 66 samples of filtered water, were taken for 
bacterial examination. Two or three sets of sample 
were taken each day, usually one in the morning ani oe 
in the afternoon, and occasionally one in the «arly 
evening. No samples were taken during the night. Th 
samples were planted in gelatine by the usual met) 0s, 
and with a very few exceptions were counted afer @ 
five days’ growth. A few samples were counted aft: @ 
four days’ growth only. 

Mr. Hollis noted that the development of the bacierla 
in the samples of effluent was somewhat slower than in 
the lake water, which difference he thought might pos*' |y 
be due to a retarding influence from the addition of a) '™ 
Samples were occasionally taken from the taps in ‘5 
city, the results from which did not differ. mater! !y 
from those from the outlets from the filters. Samp °s 
were also taken on several oceasions of the efflu:'s 
directly after washing, and at intervals during the ©". 
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ber 28, 1897. 


showed substantially the same bacterial effi- 
all periods of the run, and are not here given 

The bacterial results secured are shown in 
wing table, from which the hours of collecting 
‘os bave been omitted for convenience: 











TABLE II.—Bacterial Results. 


f Week ending 
June 20. June 27. July 3. July 10. July 17. 








' 


3 beg hee h od 

. eo . . . 
e 3s i 3 es 
“ & <6 & #6 
3 8 3 aoa & 3 an 

oo ee ee 6 Os oe 

rte ee ih a ta ee NY aia aw See 
( 0 6 14 100 3 12513 166 26 

\orday ae} 133 8 1,150 4 300 7 13815 80 18 
1000) Seeeati ae ae DW ne SEE "wen Zi 

%&:. 2 8 *..*%. 10820 9718 

‘ 67 8 386210 *.. *. 293 18 250 30 
i6s “7 400 5 500 8 89 11 149 42 

wy juesday .4 8,392 27 400 5 400 6 207 16 146 27 
a, ga wee ak Cea en ee wee 
3,485 18 200 6 103 3 175 15 375 33 

rhursday «4 620 4 398 5 300 8 159 14 104 21 
Friday sss. .. 16810 99 4 400 9 7910 222 35 
975 7 158 5 80015 26015 242 28 

Saturday 90 3 274 5 50010 7910 268 28 
3,020 80 284 6 70030 8211 ..... 

Average 144116 385 6 367 9 15414 189 26 


* ilters not in operation. 


Summary. 


g 3 Me ee 

tse ye SO 

Week — sag Pa ae a gs 
eee ss 53 E82 
sas 45 $4 26 283 
gee 2a a 3° _ 
tae? ie a a oe 
: Se Qe 1.10 2.50 385 6° 98.4 
july 3. inneeaanee 2.27 367 9 97.5 
Se Sera 1,28 1.07 154 14 90.9 
Re : a 0.94 189 26 _ 86.3 
Average ....- 114 1.83 14 96.4 
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During the first week with the largest number of bac- 
teria in the lake water, the bacterial efficiency was 98.9. 
During the second week with the number of bacteria in 
the lake water reduced to less than a third, the num- 
bers in the effluent were reduced in nearly the same 
proportion, and the efficiency remained at 98.4. Dur- 
ing the third week, with nearly the same number in the 
water, there was a slight increase iu the effluent and the 
efficiency fell to 97.5%. For the three weeks the alum 
used was at the rate of 2.45 grains per gallon and the 
bacterial efficiency averaged 98.3%. 

In the fourth week, when the quantity of alum was re- 
duced to 1.07 grains per gallon, the bacteria in the lake 
water fell to less than half, while those in the effluent 
increased considerably so that the bacterial efficiency fell 
to 90.9%; and in the fifth week, with only 189 bacteria in 
the lake water, the bacterial efficiency was further re- 
duced to 86.3%, 0.94 of a grain of alum being used. The 
decrease in bacterial efficiency with the decrease of alum 
is very marked. 

It is much to be regretted that the numbers of bacteria 
in the lake water during this period were so low, as it 
is more difficult to secure a high percentage bacterial 
efficiency when the numbers in the raw water are low 
than under opposite conditions. On the other hand, the 
very marked increase in the numbers of bacteria in the 
effluents following the reduced quantity of alum, not- 
withstanding the lower numbers in the lake, is unmis- 
takable evidence of reduced bacterial efficlency under 
these conditions. 

The rate of filtration was, for mechanical filtration, 
extremely low, being much less than that usually recom- 
mended as suitable for use with these filters, and only 
slightly more than half as great as that used by Mr. 
Edmund B. Weston in experiments made by him with 
mechanical filters at Providence, R. L, in 1893.* 


Microscopical Organisms. * 


The lake water was examined microscopically on sev- 
eral occasions and was found to contain large numbers 
of diatoms, algae and other organisms. The effluents 
were, with a single exception, entirely free from micro- 
scopical organisms of all kinds, showing a complete re- 
moval of these larger organisms, which are completely 
removed by almost any filtration. 

Examinations of Effuents for Alum. 


During the first three weeks of the test, with the 
larger quantities of alum, samples of effluent were re- 
peatedly examined for alum by the logwood test, and 
with negative results throughout. For confirmation, 
samples were sent to Professor Lord, of the Ohio State 
University, who reports that in the quantity of water 


submitted, namely one gallon, he was unable to find any 
alum, 





ee 
ihese experiments, w to comments, see Engi- 
neering News for April 16, 1896.—Ed. 
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Chemical Purity Obtained. 
Samples of lake water and effluent were sent to Pro- 
fessor Lord, who anlyzed them with the following re- 
sults (in parts per 100,000.—Ed.): 





ae Lake water. Effluent. 
WE #65 40S y wari csdhecen’ 0.05 None. 
ME tisieig. Wise SaWeiienean’s Distinct. None. 
SEY Bia guna t ctu ne we Sie Slight. None. 
Odor WE abiee . 4450 he onc aceec.o.4 Lee ae None. 
POP SMMoMIA occ csc. ccdccces 0.0015 u.0014 
Albuminoid ammonia ......... 0.0146 0.0076 
Nitrogen as nitrates........... 0.0170 O01, 
Nitrogen as nitrites........... 0.0003 Trace. 
EE Oh n5 50 Gla cd neice ois 27.3000 23.0000 
EEE ica ic accanecad 12.0000 8.0000 
EN BEANS ea dds ve cdededas U.5800 0.6000 
Oxygen consmued ............ 0.2500 V.1500 
Temporary hardness ......... 9.4000 7.4000 
Permanent hardness ......... 1.6000 3.0000 
po ea err 11.0000 10.4000 


These analyses show the removal of nearly half of the 
organic matters and all of the color, turbidity, sediment 
and odor, and the effluent is entirely satisfactory from 
a chemical standpoint. 

Summary. 


These tests show the removal of about 08% of the bac 
teria of the lake water when filtered at the rate of 1.1 
gallons per sq. ft. per minute and with the use of 25 
grains of alum per gallon, and the removal of about 
90% of the bacteria with a rate of filtration of 12 gal- 
lons per sq. ft. per minute and a grain of alum per gal- 
lon. They also show that the alum was completely de- 
composed and did not appear in the effluent. 


Dr. Probst, in submitting Mr. Hazen’s report to 
the Board of Health, made some comments on the 
above figures, and concladed as follows: 


I have to recommend, therefore, that the change in 
the water supply of Lorain be approved, subject to the 
conditions that the maximum rate of filtration be 100,- 
000,000 gallons per acre daily, and that not less than 
2.5 grains of alum per gallon be used. 

While recommending approval, I would suggest that 
the attention of the authorities at Lorain be called to 
the fact that their filters during other seasons of the 
year may be subjected to a severer trial than the one 
here reported; that so long as sewage is turned into the 
Black River the consumers of the lake water have to de- 
pend upon the honest, intelligent operation of these fil- 
ters to protect them against disease; that the results of 
filtration can be known only by daily bacteriological ex- 
aminations, for which provisions should be made I 
would add further that it be suggested that the best in- 
terests of the city demand that an effort be made to free 
Black River from sewage pollution; and that it be pointed 
out that, if this is not done, it may be found advisable 
that the water works intake be extended to a point where 
the danger from pollution is not so great. 


The report of Dr. Probst was approved by the 
State Board of Health. 


oe 


RULES FOR THE USE OF PRIVATE FIRE SUPPLIES 
PROVIDENCE WATER-WORKS.* 


Applications for private fire supplies must be accompanied 
by a full detailed plan, showing all connections contem- 
plated with other fire supplies, tanks, and sewers, which 
shall be approved by the city engineer before action will 
be taken thereon. 

No changes, additions or connections will be allowed ex- 
cept upon plans filed and approved in the same manner as 
with the original application for said supplies. 

All work in connection with private fire supplies shall be 
done by a licensed plumber and under proper inspection, 
and all gates, valves, fire-plugs, and hydrants connected 
with such supply shall be sealed by the inspector when 
deemed necessary. 


For the purpose of covering the expense of a proper in- 
spection of the complicated systems of private fire connec- 
tions now demanded, the following yearly rates will be 
charged, when Pawtuxet water Is exclusively used for gen- 
eral purposes, viz: 


pe Oe eee, ee ee sung envision fee 
For two (2) supplies, connected, but without auxil- 
fary tam ....cccccccccese oo6sbundesbarnaded --. 10.00 


Either one (1) or two (2) supplies connected to tank 15. 


When other water than that furnished by the city is 
used for general purposes, special contracts or larger as- 
sessments will be made. 

Private fire supplies and the fire apparatus connected 
with the same, may be tested by the parties owning the 
game, or by insurance inspectors, under the following 
conditions: 

(1) Notice to be given at the office of the Commissioner 
of Public Works that such test is desired, when date and 
hour will be agreed upon for said test. 

(2) All tests to be made in the presence of the inspector 
assigned by the Commissioner, whose sole duty shall be 
to remove and replace the seals used on the fire apparatus 
and note the time required in making the test. 

(3) The rates for testing are as follows: 


* Reprinted from the official rules issued by Mr. Robt. E. 
Smith, Commissioner of Public Works, Sept. 14, 1897. 
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One hour or less, $3; for all time in excess of one (1) 
hour, $1 for each hour or fraction thereof. 

(4) Water shall not be used mom any private fire sup- 
ply, nor seals broken or removed, except in case of fire, 
written notice of which is to be given at the office of the 
Commissioner within 24 hours after its occurrence. 

(5) Not more than two private fire connections from the 
city water mains will be allowed to any building or prem- 
ises, except under exceptional circumstances, to be deter- 
mined by the Commissioner. The connections may be 
made from one or more streets if the building or premises 
fronts upon the same. No pipes, however, will be alluwed 
to be laid across a street. 

Not more than two private fire connections from whe city 
water mains will be allowed to be connected together un- 
der any circumstances in any building or premises. 

When two private fire connectlons are connected to- 
gether, a suitable check-valve must be placed upon each. 

in conformity with the order of the Board of Health, ne 
private fire system which is in any manner connected to 
the city water mains shall have ary other supply of water. 
No valves of any description will be allowed as “‘shut-offs”’ 
to any other supply, as there must not be a possibility of 
any other supply of water to such pipes. 

When a tank is connected to a private fire system which 
is connected with the city water mains, it shall be subject 
to the following conditions: The only water that will be 
allowed to be supplied to the tank will be the water fur- 
nished by the city. Said water shall be measured by a 
meter. The supply pipe leading to the tank shall be en- 
tirely independent of the fire system proper. It can be 
directly connected to the city water mains, or to a regular 
service pipe which supplies city water to the premises 
where the tank is located. 

The outlet end of the supply pipe of a gravity tank shall 
be placed at least 6 ins. above the maximum water line of 
the tank, and the supply pipe of a pressure tank shall be 
SO arranged as to prevent the water in the tank from flow- 
ing back into the city water mains. Each tank shall have 
a suitable check-valve upon the pipe leading from it to the 
distribution pipes of the fire system, for the purpose of 
preventing water from flowing into the tank from the elty 
water mains. 

A gravity tank shall be roofed over and constructed to 
prevent, rain, snow, dust, or any other objectionable mat- 
ter from getting into it. Each tank shall have a manhole 
and permanent ladders arranged for convenient access to 
its interior, and shall have an outlet in its bottom, so that 
it can be emptied entirely independent of the pipes of the 
fire system. The interior of each tank shall be thoroughly 
scoured out at least once in twelve months. 

All ‘drips’ of fire systems, which are intended to empty 
into a sewer, shall first discharge into an open tank, the 
outlet pipe of which shall be deeply trapped and connected 
with the sewer in the usual manner. 

(6) For each and every violation of the above, in whole 
or in part, the offending party, at the discretion of the 
Commissioner, will be subject to a fine of not less than $5 
nor more than $50, or be subjected to having the supply 
shut off. 

Owners or agents of property protected by private fire 
supplies shall cause copies of rules one to six to be kept 
posted conspicuously in their office, engine-room, and upon 
each floor of any building where fire-plugs are located that 
can be used by any employé; and no plea of ignorance will 
be encertained by the Commissioner. 


—— ai 
AMERICAN CONTRACTORS are reported to have built 
and equipped or to have now under contract, the fol- 


lowing electric railway lines in Great Britain and 
Ireland: 


City. Miles. No. of Motors. HP. of Plant. 
oo. eee eo eoee IO 36 ” 800" 
COO cstsedecse coos Ek 20 460 
Coventry ....... oe 10 2 
DOREEE cecccsss coe BD 60 600 
TE sve vs ce cus eS 15 300 
Guernsey ..... .... 3 12 190 
Jale Of BEAM ..cecccce 4 16 200 
Staffordshire .. .... 8 20 600 
REE kkk 6 ceentie 3 10 240 
Central London ..... 13 52 1,600 


- * — 


ADDITIONAL COAST DEFENSE FORTIFICATIONS 
are urged in the report of Gen. Nelson A. Miles, Mafjor- 
General commanding the Army, which has just been sub- 
mitted to the Secretary of War. Gen. Miles states that 
approximately $26,000,000 have thus far been appropriated 
by the governmert for coast defense, which is about one- 
third of the*sum required to put the country In safe con- 
dition for defense. The principal additional appropriations 
for fortifications, which Gen. Miles recommended, are in 
amount and location as follows: Boston Harbor, $1,- 
347,000; Narragansett Bay, $833,000; defenses of Long 
Island Sound, $1,070,000; eastern entrance New York, 
$489,000; southern entrance New York, $1,419,000; ap- 
proaches to Philadelphia, $141,000; approaches to Balti- 
more, $499,000; approaches to Washington, D. C., $604,- 
000; Hampton Roads, $463,000; San Francisco, Cal, $1,- 
236.000; Columbia River, $605,000; Puget Sound, $1,- 
140,000. An increase in the army of at least two ad- 
ditional regiments of artillery is also urged. 
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The serious accident on the New York Central 
& Hudson River R. R. this week, in which 20 per- 
sovs lost their lives, has attracted an unusual 
amount of public interest, because of its unusual 
cause. That a stretch of apparently solid em- 
bankment on one of the very best railways of the 
world, subjected, it is to be supposed, to as care- 
ful inspection as can possibly be given, should 
sink without warning and leave a gulf into which 
a fast express train plunges, is to say the least 
disquieting. Railways in a limestone region and 
in some mining regions have occasionally had their 
tracks sink into underground cavities, but no such 
explanation of the present disaster can be ac- 
cepted as probable. 

The ideas which have been put forth to the ef- 
fect that a derailment or breakage of the engine 
axle caused the embankment to give way seem 
to deserve no more ¢redence. Even if this were 
true, the case would be no better for the em- 
bankment, for everyone knows that stable em- 
bankments are not removed bodily by collisions 
or derailments in any such manner. 

The simple fact that the embankment under the 
south bound track has disappeared, proves that 
this embankment was unstable and unsafe; and 
it only remains to be determined what was the 
cause of its weakness end failure. It may be 
said at once that this question cannot be positively 
answered until the investigation to be made by 
the State Railroad Commission is completed; and 
it is not likely to be settled in all points then un- 
less an examinatéon is made of the rock or earth 
that underlies the roadbed at the point where the 
disaster occurred. 

At the present time, the statement «i Roadmas- 
ter Otis, published elsewhere in this issue, ap- 
pears to shed more light on the real cause of the 
disaster than anything else which has been made 
public, and we presume it represents as much as 
is really known at the present time by the officers 
of the railroad company. 

———_q—_——_——— 

Reviewing now the facts of the case, they ap- 
pear to be as follows: The north bound track, 
which was the first one built and which did not 
slide into the water, was made by filling in broken 
rock, excavated from the cuttings near by. The 
south bound track was added at a later date 
by dumping earth and gravel filling on the river 


side. This filling, of course, rested on the steep 
outer slope of the older embankment, and it is 
altogether probable that the rock ledges directly 
beneath it also slope steeply toward the river. 
The rough rubble wall which was built on the 
outer side of this embankment, was in all prob- 
ability not designed or expected to act as a re- 
taining wall but merely to protect the embank- 
ment from the wash of the waves and tides. The 
stability of the wall seems to have been a matter 
of no concern to the railway officers. If Mr. Otis 
is correctly reported, when the level of the em- 
bankment was raised a short time ago, the old 
wall was found to have bulged outwards. But, 
says Mr. Otis: “the bulging was of no conse- 
quence whatever;” and the new masonry was laid 
on top of the old wall, increasing its height, and 
its instability without a word of question. It 
does not appear to have occurred to anyone con- 
nected with the work in any capacity, that this 
wall actually held in place the embankment be- 
neath the south bound track; but we are forced 
to believe that the fatal accident of last Sunday 
morning proves this to have been the case. 

Earth embankments of such materials as the one 
in question seldom or never fail suddenly without 
giving warning of their unstable condition. ‘The 
outer part of the bank slides off first, or, in very 
soft material, the whole bank settles. It seems a 
wholly untenable hypothesis that this great mass 
of earth should have been in so unstable a con- 
dition as to all at once slide into the river without 
giving long ago some warning of its condition to 
the careful inspectors who continually watch this 
roadway. 

When, however, any such embankment is sup- 
ported by a retaining wall, failure of that struc- 
ture may at any time cause failure of the earth 
embankment. That this embankment had been 
exerting pressure against the wall at its foot is 
shown by Mr. Otis’ statement that the wall had 
bulged. Walls do not bulge unless there is pres- 
sure behind them. The failure of the wall itself 
is not difficult to account for. It was in all prob- 
ability never designed to act as a retaining wall; 
the weight of the earth mass behind it had been 
increased by raising the level of the tracks, and 
even the strains due to heavier and faster trains 
may have been transmitted to it. Remembering 
now the statement of Mr. Otis that this wall had 
been recently increased in height, and also the 
fact that unusually high tides had submerged it to 
a greater depth than usual and had raised the 
water level in the filling behind it, and it is not 
hard to explain the final overturn of the wall. 
When the support of the wall was removed, the 
embankment, resting as we have explained, on a 
more or less sloping foundation, slid into the river 
either under the weight of the train or perhaps 
during the interval after the passage of the last 
preceding train. 

—_—_—_@——_— 


If the assumptions on which the above explana- 
ticn of the accident is founded are proved correct, 
the lesson of this sad accident will be so plain that 
it hardly needs to be pointed out. To support an 
earth embankment by a retaining wall is unsafe, 
unless the wall is designed to withstand the pres- 
sure that may come upon it. Calling a wall by 
some other name does not prevent it from acting 
as a retaining wall if earth is filled in behind it. 
If any wall is built at the foot of an embankment, 
build it strong enough for its work, or else do not 
build it at all. 

ee 


The possibility of determining the character and 
intensity of the strains in metals by measuring 
the heat gained or lost when the load is applied, 
is discussed by Mr. C. A. P. Turner in an interest- 
ing paper read before the Engineers’ Society of 
Western Pennsylvania, on Oct. 19, and published 
in the “Proceedings” of that society for Septem- 
ber. It is a familiar fact that all substances, as 
far as is known, either gain or lose heat when sub- 
jected to a tensile strain or are stretched, the rule 
being that those substances grow cooler upon be- 
ing stretched, which expand by heat, and vice 
versa. With iron or steel, therefore, heating de- 
notes the compression and cooling denotes the 
tension of the metal. Briefly stated, Mr. Turner 
has attempted by actual experiment to determine 








whether this phenomenon might not be ; 
practical use in testing steel and iron ; 
tural work. In these experiments bap. 
and medium steel of various kinds, cast-), 
and short columns of steel were subject. 
sion and compression and the increase ©; 
of temperature measured, and, finally, a ; 
der 2% ft. deep and 10 ft. long was teste 
ure to bring out, if possible, the tensile 
pressive strains induced by bending and 
different points in the web and chords 

For the exceedingly delicate measure, 
temperature required to make these tests 
Mr. Turner used the thermo-electric cur; 
erated by a Melloni antimony-bismuth th 
and recorded by a Thomson astatice reflec; 
vanometer. With the instruments used 
mated that a variation of 1-3,000 degre. 
grade could be determined. The method |. 
tion was simply to attach the thermopile ; 
to the test bar and to lead wires from j 
galvanometer, the deflection of whose jp, 
corded the intensity and the changes in . 
of the electric current caused by the ch, 
temperature. Without going any further 
methods of making the tests the eon. 
which Mr. Turner draws from the results « 
may be summarized as follows: 


(1) That stress can be quite accurately mea 
the charge in thermal condition of the piece, 4 
load is applied, if the stress does not exceed a} 
eights of the commercial elastic limit. 

(2) That difference in the intensity of stress ; \ 
same kind, though slight, occurring at two ‘ 
points, can easily be detected by a modification 
same apparatus. 

(3) For medium steel there appears to be a : 
limit, below which the test piece grows slightly 
ularly cooler as the tensile stress is increased 
yond which for a considerable space there is litt]. 
until the commercial elastic limit (the drop of th 
is reached, when heat is generated so rapidly | 
curve is almost normal to the axis of abcissas. 


It is also pointed out in the paper that f. 
pression there is likewise a thermal limit 
which the piece grows regularly warmer «< {}) 
stress is increased, until the limit is) pros 
when there is a sudden rapid increase in the (or 
perature. 

———_@—_—_— 

The low limit of strain at which the therm) 
condition of the metal apparently ceases to be an 
accurate index of the intensity of the strain seoms 
to take it at once out of the field as a prac’ 
commercial test for structural material. If this 
were not the case, however, it seems to us quite 
likely that the delicacy of the test alone would 
relegate it to the experimental laboratory. It is 
no easy matter to calibrate a galvanometer. and 
where such exceedingly minute changes of jem- 
perature as thousandths of a degree are concerned 
the entire isolation of the thermodpile from yaria- 
tions of heat and cold which are extraneous tv th: 
test is obviously a matter of great difficulty, and 
one which can be overcome only where the con- 
ditions can be made very perfect, as in a we'll! 
equipped laboratory. 

A possible field of usefulness which we think may 
be open to the thermo-electrical test of metals is in 
carrying on,such experiments as were made by 
Mr. Turner on the full-size plate girder mentioned 
above. In built-up members of various sorts 
where the necessary imperfections in workman- 
ship and design are likely to introduce ambiguous 
strains, which cannot be determined by theory or 
by ordinary physical tests, the determination of 
the character of the strains by recording the ther- 
mal conditions of the metal under load, if it can 
be made reliable and accurate, would be a \ery 
valuable aid to engineers in designing such 
members. For these reasons considerable interest 
is attached to the plate girder tests described by 
Mr. Turner’s paper. 

As already stated, this girder was 2% ft. deep 
and 10 ft. long. It was constructed in the usual 
manner of riveted girders, with riveted angle 
chords and ends, and with the web reinforced \ ith 
vertical angle stiffeners spaced the depth of the 
girder, or 2% ft. apart. The first test made on this 
girder was a physical test of a very novel charic- 
ter. Alternate panels of the girder web \ re 
buckled 5¢-in. to form a flat pyramid, the edges of 
which formed the diagonals of the panel. 1! vi- 
dently, if the tensile and compressive web stres:<s 
are distributed as in a beam of constant cross s°c- 
tion, that is equal to @€ack other and acting 1 
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f 45° with the axis of the beam, then when 
th ‘ing load is applied the lateral components 
rv nsile and compressive strains will balance 
: -ralize each other, and there will be no 
8 motion or spring to the pyramid or buckle. 
If ver, the tensile stress is the greater the 
ti will spring in as the load is applied and go 
ba hen the load is removed. In the actual test 
th -ard spring of the buckle was \%-in. under 
‘ ding load of 28 tons, at the center of the 


‘girder under load was next tested by the 
thermo-electrical apparatus. Remembering that 
- denotes tension and heating denotes com- 


cooling 


pression, We will let the author tell the results in 
his own words: 


1 3 es of measurements were made on the 
on aa rr ‘ne web at points near the stiffeners and 
“centers of the panels. Marked heating effect was 
sea in the plate near all stiffeners, and cooling 
ee vn the center of all panels. These readings were 
‘cred by reversal of the connection, giving equal reverse 
5-9. ctions for the same load. The stiffeners were next 
os ed, and all were found to be under compression, 
eve, owing to the fact that the girder was slightly 
- -oed, was found to be under compression and bending. 
In ‘the outstanding leg on one side there was a simull 

‘ount of tension, while on the other side we obtained 
aie ut three times the deflection, indicating compression. 
With regard to the magnitude of the diagonal tensile 
civoeg in the webs, evidently the compressive stress 
acting normal to the tensile stress would produce a 
heating effect that would partially offset the cooling ef- 
foot of the tension, so that the galvanometer reading is 
only an indication of the difference in the intensities of 
these stresses. Were there no defiction at all on the 
neutral axis, we would conclude the tensile and compres- 
sive stresses were equal, as in a beam of constant section. 
Application of the thermopile to the neutral axis of our 
I beam lever, when under stress, gave no deflection, as 
should be the case under the common theory. A 
series of readings were taken to determine the —— 
nitude of stress in the top and bottom flanges. The 
measurements were taken at points vertically over each 
other in the center of the panels. The result shows 
‘tress in bottom flange, center panel, two-thirds of that 
in the top, and in the end panel, half as much as in the 
top flange. 


The conclusions which Mr. Turner thinks are to 
he drawn from these results is that the practice of 
using vertical stiffeners is correct from the stand- 
point of both efficiency and economy, but that the 
practice of proportioning flanges and spacing riv- 
ets is somewhat in error. 





————— 


THE BACTERIAL TEST OF MECHANICAL FILTERS AT 
LORAIN, 0., AND RESULTING SUGGESTIONS. 


Some valuable information regarding the bac- 
terial efficieacy of mechanical filtration is pre- 
sented in the report, which is given in another col- 
umn, on a five-week test of a 3,000,000- gallon 
water filter plant built for the city of Lorain, O. 
This report is doubly welcome, because of the good 
bacterial results shown and because of the scanti- 
ness of the data on the subject. The only im- 
portant bacterial tests of mechanical filters 
heretofore made public were those conducted at 
Providence, R. L., in 1893-4, by Mr. Edmund B. 
Weston, M. Am. Soc. C. E.* While these experi- 
ments were carried out with extreme care, and 
extended over nearly a year, Mr. Weston’s conclu- 
sions were based on two short runs aggregating 
33 days, or two days less than the Lorain test. 
Moreover, Mr. Weston used only a small experi- 
mental filter, 30 ins. in diameter, while at Lorain 
there were six filters, in practical, every day ser- 
vice, having a combined available filtering surface 
of 1,356 eq. ft. 

It is true that during the test the Lorain plant 
was still in the hands of its friends, the contract- 
ors, they having agreed to operate it six months 
before its acceptance by the city, and having guar- 
anteed to remove 97 per cent. of the bacteria in 
the applied water, this guarantee not to apply 
when the number of bacteria in the effluent 
falls to 200 per cu. cm. But there is no in- 
dication in the report that the city cannot secure 
as good results as were shown by the test. The 
test showed that so long as the filter plant was 
operated with the amount of alum which the con- 
tractors deemed appropriate, the guaranteed effi- 
ciency of 97 per cent. average bacterial reduction 
was exceeded, this excess for the first three weeks 
of the test being 13 per cent. The average 
amount of alum used during this period was 2.45 
grains per gallon of applied water, ranging, ac- 
cording to numerous tests, from 3.9 to 2.1 grains 
per gallon. For experimental purposes the amount 
—-semneniniagileetaensamiaiatian et ee 


* See Engineering News, April 16, 1896. 


of alum was decreased during the fourth week of 
the test to an average of 1.07, and during the fifth 
week to 0.94 grains per gallon; the percentage of 
bacteria removed thereupon fell to 90.9, and 86.3, 


* respectively. The number of bacteria in the ap- 


pled water was very low at this time, being only 
154 per cu. cm. for the fourth, and 189 for the fifth 
week, against an average of 731 for the first three 
weeks and of 507 for the whole period. This part- 
ly accounts for the low percentage of removal, 
but only in part, since the actual number of bac- 
teria remaining in the effluent was 14 and 26 for 
the fourth and fifth weeks, respectively, against 
16 for the first, 6 for the second, and 9 for the third 
week. 


The water consumer cares, or should care, far 
more for the actual number of bacteria than for 
the nercentage of removal. From this standpoint, 
the results for the whole period are highly satis- 
factory, especially when we remember that the 
bacteria in the effluent during the last two weeks 
probably might have been reduced practically to 
zero, if desired, with a more liberal use of alum. 

For the worst week there was an average of 
only 26 bacteria per cu. cm., and for the five 
weeks only 14. Of 66 samples of filtered water 
examined in the five weeks, only four contained 
over 30 bacteria per cu. cm., the instances being 
80 with 3,020 in the applied water the first week 
of the test, and 42, 35 and 33, with 149, 222 and 
375 bacteria, respectively, in the applied water, 
during the last week. In the first three weeks 16 
of 35 samples of effluent contained five or less bac- 
teria per cu. cm. Certainly these are highly grati- 
fying results. 


The Ohio State Board of Health, for whom these 
tests were made, conditions its approval of the 
plant upon the use of not less than 24 grains of 
alum per gallon of water filtered, and a maxi- 
mum rate of filtration not to exceed 100,000,000 
gallons per acre per day. The results shown by 
the test were obtained with comparatively low 
rates of filtration, but about the above quantity of 
alum was used when the highest average bacterial 
efficiency was reached. Now 2% grains of alum 
per gallon, with alum at 1% cts. per Ib., the ap- 
proximate cost at Lorain, means an expense for 
alum alone of about $6.25 per 1,000,000 gallons 
passing the filters. Some of this water must be 
used for washing, the amount used for this pur- 
pose during the test being 5% per cent. of the 
quantity of filtered water available for consumers. 
Allowing only 4 per cent. increase in the amount 
of available water on account of the waste for 
washing, we find that the alum for wash water 
alone costs about 25 cts. per 1,000,000 gallons of 
available water, increasing the cost of alum to 
$6.50 per 1,000,000 gallons of water delivered to 
consumers. Using one grain per gallon, the ap- 
proximate rate during the last two weeks of the 
test, the cost of alum would be reduced to 40 per 
cent. of the above, or $2.60 per 1,000,000 gallons. 
Would it have been worth while during the last 
two weeks of the Lorain test to have increased the 
cost of alum used by 150 per cent. for the sake 
of making any further reduction in the number or 
bacteria? We have already seen that during these 
last two weeks the number of bacteria exceeded 
30 per cu. cm. but three times, and averaged only 
20. Assuming that 21% grains of alum per gallon 
would have removed all these, would the fact that 
the water was sterile have been worth $3.90 per 
1,000,000 gallons? As a practical matter, in the 
light of our present knowledge, it would not. 
Doubtless some bacteria would have remained, 
even had as much as 2% grains been used. Per- 
haps, however, it might have been worth while to 
use a little more than one grain per gallon. 

The above suggests two points for consideration: 
(1) The proper basis of judging the bacterial re- 
sults of filtration, and (2) the value of frequent 
bacterial analyses. Regarding the first point, let 
us examine some of the figures obtained in the Lo- 
rain tests. The greatest number of bacteria in 
any sample of unfiltered water was 8,392 per cu. 
em., of which only 27 appeared in the filtrate, 
showing a removal of 99.7 per cent. On the same 
day another set of samples showed 165 and 7 bac- 
teria, in the crude and filtered water, respectively, 
a removal of 95.2 per cent. The highest number of 
bacteria appearing in the effluent during the whole 


test was SO, out of 3,020 in the applied water, a 
removal of 97.4 per cent. On the very same day 
another set of samples shoWed {) bacteria in the 
unfiltered, and three in the filtered water, yet 
the removal with but three bacteria in the effluent 
was only 96.6, or O.S per cent. less than in the case 
of the effluent containing SO bacteria. These ex- 
amples are taken from the results obtained the 
first week, when the maximum amount of alum 
was being used. 

Within certain limits percentages are very us 
ful in compacing results, but outside those limits 
they may easily become very misleading. It is 
coaceivable that in the future the water at Lorain 
may contain an average of 10,000 bacteria per cu. 
em. for some days or weeks. A 7 per cent. 1 
moval would still leave 300 bacteria per cu. em, 
or more than 20 times the average for this five- 
week test. The ideal to be striven for is a complete 
removal, but, like other ideals, this one cannot al- 
ways be fully realized, at least within practicable 
limits of manipulation and expense. If we could 
have complete removal 100 per cent. would be the 
standard, and that would end this discussion. As 
we cannot, and as even very high percentaces, 
when large numbers of bacteria are present in the 
water to be filtered, leave us with high absolute 
numbers in our effluent, we find it advisable to set 
some maximum limit in actual numbers. 


But ab- 
solute dependence should not be 


placed on this 


number limit, for with few bacteria in the applied 
water a reduction in the standard might be ef 
fected while the filter was in poor condition A 
sudden increase of bacteria might occur and th 
number limit be far exceeded before the defects 
in the filter were remedied. Or again, the water 
might, at periods, be so high in suspended matt: 
ani bacteria as to make it practy ally imipossibk 
to reduce the bacteria to the number standard. 
although a percentage standard would be far ex 


ceeded. Conditions can be imagined when a com 
munity would be thankful to be rid of 75 per cent. 
of the danger lurking in their water supply, al- 
though absolute safety is always far preferable 
With both standards, averages for 
monthly periods cover up exceptional cases. of 
high bacteria, which may indicate s ymething 
wrong with the filter. The longer the period for 
which the average is taken the greater the neces- 
sity for considering carefully the individual analy- 
ses, for occasional poor results will show wher 
only a short series is averaged, but will tend to be 
lost as the length of the series increases, 

The conclusion to be drawn from the above is 
that the bacterial results of filtration can be stud- 
ied to the best advantage by considering both the 
percentage of bacteria removed and the actual 
number of germs remaining in the effluent; or, 
what is about the same thing, that either a sliding 
scale of percentages or of absolute numbers should 
be employed, the standard rising in either case 
with an increase in the number of bacteria in the 
applied water, or falling under the reverse condi- 
tion. This would ensure good water at all times 
without over-refinement, on the one hand, or the 
danger, on the other, that in avoiding over-re- 
finement with bacterial results when the nat- 
ural water is unusually good, the filter may be al- 
lowed to get out of order and endanger the supply 
when the water chaages for the worse. 

The hygienic !mportance of frequent bacterial 
examinations is evident from the above. Their 
financial value must also be evident, at least after 
a moment’s reflection. To illustrate the financial 
aspect by a concrete example, let us refer to Ta- 
bles I. and II. Under the hard-and-fast rule laid 
down by the Ohio State Board of Health, not less 
than 2% grains of alum would always be used at 
Lorain. Yet during the last two weeks of the test 
the number of bacteria in the effluent never ex- 
ceeded 42, and averaged only 20 per cu. cm., al- 
though the amount of alum used averaged only 
one grain per gallon. There is no indication in the 
report that the general condition of the plant suf- 
fered because of this reduction in alum, and to 
increase the amount of the coagulant as soon as 
the water begins to grow worse is always a mat- 
ter of a few moments. 

Let us next compare the last week of the test 
with the first, remembering that we are, for the 
moment, considering the financial side of the prob- 
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lem. During the first week the amount of alum 
used was 2.58 grains per gallon, against 0.94 
grains, or a little over one-third as much in the 


last week. The relative amounts of water filtered 
were 15,580,000 gallons in the last week, and 14,- 
420,000 in the first week of the test, corresponding 
to rates of 72,000,000 and 67,000,000 gallons per 
acre per day, respectively, an increase of 7 per 
cent, in the last week. The total cost of alum for 
the last week, had no more water been filtered 
than during the first, would have almost exactly 
$60 less on account of the smaller amount of alum 
used per gallon of water. 

Without some accurate means of determining 
the bacterial contents of the applied and filtered 
water day by day, it is not safe to vary much 
from an alum rate sufficiently high for the water 
in its worst condition. In some cases this will re- 
sult in a material and unnecessary increase in the 
cost of filtration, for alum alone, which would pay 
for frequent bacteria] analyses. 

Returning to the hygienic aspects of the case 
we have to remember that financial considerations 
are far too often placed above all others, con- 
sciously or unconsciously, so if an attempt is made 
to establish an arbitrary alum rate, the latter is 
likely to be far too low. This may cause danger- 
ously poor bacterial results without the fact being 
known until shown, perhaps, by a sudden rise in 
the typhoid death rate, too late to prevent an epi- 
demic of this unnecessary water-borne disease. 

If an attempt be made to vary the alum to suit 
different conditions of the water, the conditions 
being judged by physical appearances rather than 
analyses, the rate again is almost sure to be too 
low, and the alum to be omitted entirely at times 
of especially clear water. Or if a strong desire 
to protect the health of the people exists, the alum 
rate may be too high, and waste will occur. With 
high alum rates, and frequently uncertain rates, 
more alum may be added than can be decomposed 
by the water, unless it is high in certain calcium 
compounds. The consequence then will be that 
some of the alum will pass the filters and be de- 
livered to the consumers, a highly undesirable oc- 
currence. At Lorain, although the alum rate went 
to nearly four grains per gallon on at least one 
occasion, no trace of alum was found in the fil- 
trate, but with a higher rate, or on some other 
water supply, the alum might have appeared. We 
find, then, that both health and economy demand 
frequent bacterial tests in connection with me- 
chanical filter plants. Such tests also give infor- 
mation as to the proper manner of manipulating 
filters in other respects, which we cannot now con- 
sider. Other phases of water purification might 
demand chemical analyses in addition, but this, 
cannot now be discussed. 
other line of thought suggested by the re- 
port demands a few words before concluding this 
In comparing the relative cost of me- 
chanical and slow sand filtration the amount of 
alum required in the former process has been as- 
sumed, in several instances, at one grain per gal- 
lon, and this has been the amount quite generally 
given by the manufacturers as the maximum 


also, 


One 


discussion. 


average. If 2144 grains per gallon are necessary at 
Lorain, as advised by the Ohio State Board of 
Health, the cost of alum alone, over $6 per 1,000,- 


000 gallons, is about equal to the total figures 
given in several estimates of the cost of slow sand 
filtration, including interest and depreciation on 
the plant. The contractors were operating the 
plant with about this average rate of alum before 
they were asked to reduce it, experimentally, but 
of course they were determined to maintain the 
standard of bacterial efficiency at any 
the cost of a high bacterial effi- 
ciency with slow sand filtration at Lorain would 
also be above the average. The process might 
have to be supplemented by sedimentation, thus 
increasing the expense, although the report con- 
tains no data from which such a conclusion could 
be drawn, unless it be the frequent washings given 
the filter. This phase of the report suggests the 
need of more information regarding the quantity 
of alum required for various classes of water in 
order to obtain high bacterial results. — Nearly all 
the mechanical filter plants yet built were put in 
to clarify water. Little has yet been determined, 
or at least made public, regarding the amount of 
alum required in the bacterial purification of 
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cost. Possibly 
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water, as observed in actual practice. Mr. Wes- 
ton, in the Providence experiments mentioned 
above, reached the conclusion that an average as 
low as 0.6 grain per gallon was sufficient for the 
Pawtuxet River water, and in his recent paper 
on the “Filtration of Water,” abstracted in our 
issue of Oct. 7, he stated that he “considered one 
grain of sulphate of alumina per gallon” to be “a 
fair general average of the quantity that would be 
required for a large number of differently consti- 
tuted waters.” If Mr. Weston is right, the water 
at Lorain must be outside this class, or the stand- 
ard fixed in the contract must be too high, or the 
contractors must be striving to make a good bac- 
terial record without regard to cost, or, if none 
of these assumptions are true, an unnecessary and 
wasteful amount of alum was used the first three 
weeks of the test, and is now recommended for 
continued use by the State Board of Health. Light 
on this point is desirable. 

While awaiting it, it is pleasing to know that 
mechancal filtration can achieve such excellent 
bacterial results as at Lorain, even if the cost is 
high. Some things are worth paying well for, and 
pure water is one of them. At the same time, 
we hope the events will prove either that pure 
water can be secured at Lorain at a less expendi- 
ture for alum than some $6 per 1,000,000 gallons, 
or that this and other cities with as bad or worse 
water to be filtered can effect the desired puri- 
fication at a considerable reduction in total cost 
by the use of slow sand filtration, even if neces- 
sary to supplement it by_sedimentation. 





LETTERS TO THE EDITOR. 
{The Railway Bridge Over the St. Lawrence at Quebec. 


Sir: I have to thank you most cordially for your valu- 
able article on the proposed bridge, in your issue of Oct. 
14, but lave to correct one statement therein. Mr. Shaw 
prepared the design for the bridge, but is not officially 
connected with the bridge company, Mr. E. A. Hoare, of 
Quebec, being the engineer for the company, and no defi- 
nite plans have yet been adopted. Yours truly, 

Ulric Barthe, 
Secy., Quebec Railway Bridge Co. 
1897. 


Quebec, Can., Oct. 21, 
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A Good Day’s Journey by a Steam Motor Carriage. 


Sir: It may be of interest to your readers to know of a 
recent trip made by a motor carriage over the common 
country roads of New England, from Boston to Claremont, 
N. H. The distance is about 125 miles, and the run was 
made in a day, the actual time on the road being a little 
less than nine hours. : 

The carriage was a one-seated buggy, and weighed, 
complete, with fuel and water, abouc 800 Ibs. The motor 
and boiler weighed about 80 Ibs., the power being steam 
and the fuel naphtha, while the pressure carried was 100 
Ibs., giving 41%, HP. 

The carriage was made by the Whitney Motor Carriage 
Co., of Boston, and the writer understands that while 
this carriage is one of the first built the company has 
several under construction, from which even better re- 
sults are expected. Ww. hd. We 

Sunapee, N. H., Oct. 20, 1897. 
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Credit for the Design of the Harlem Ship Canal Bridge. 


Sir: On the inset of the issue of Engineering News of 
Oct. 7 I observe that Mr. A. P. Boller is named as the 
“chief engineer’ of the Harlem Ship Canal Bridge. You 
have advised me that the title of the inset was completed 
by a member of the staff of your jvurnal, but the paper 
by Mr. Boller on ‘The Aesthetics of Bridge Design,”’ etc., 
in the same issue, is apparently written with much care 
to convey the impression that he (Mr. Boller) was the re- 
sponsible engineer of the work. As I was appointed con- 
sulting engineer to the Department of Public Works in the 
latter part of October, 1892, for the construction of the 
Harlem Ship Canal Bridge, Mr. Boller had no official or 
responsible connection whatever with that work. While I 
was absent in Cambridge, Mass., in the winter and early 
spring of 1892-93, he developed partial masonry and 
foundation plans, subject to my approval, and which I 
was obliged to change in several material particulars be- 
fore the work was done. After my permanent return to 
New York, in May, 1893, practically before work was be- 
gun, he was relieved of further attention to the work, 
except as to railing and lamps. The records of the De- 
partment of Public Works and of the Board of Esti- 
mate and Apportionment, the stress and estimate sheets 
in my possession, my official signature on the contract and 
working drawings, and my correspoudence with the con- 
tractors, could, very pertinently, be cited in connection 
with the matter, but having made the preceding bare 
statement of the facts, I shall give it no further attention. 

Very truly yours, Wm. H. Burr. 

151 West 74th St., New York, Oct. 21, 1897. 
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(We submitted a proof of the above lett Mir 
Boller with an invitation to make reply : 
Same issue, in accordance with our rule 
ters are sent to us for publication critic). 
person or firm. His reply is as follows.—|- 


Sir: Thanks for your proof slip of Professor |), 
icism of my paper on “Aesthetics of Bridge Ar 
in Engineering News of Oct. 7. Professor Bur; 
fense at the inferences drawn from the aceoy,: 
Harlem Ship Canal Bridge, complaining that } 
relation to the work was not set forth. In reply 
say that Professor Burr is perfectly correct in 
was officially appointed consulting engineer of ; 
by the Commissioner of Public Works. I think | ; 
as much in a foot-note to the article. The facts 
this work was originally intrusted to me, the gen 
made and adopted by the Commissioner, but OWing 
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Fig 8.—Vertical Section of Lower Guard Gate 


sonal friction between myself and a member of the Board 
of Estimate (which Board had to make final approvals | 
fore expending money) my appointment by the Comm 
sioner could not be viséd. At my request Professor Bur: 
whom I had contemplated taking in as a partner in | 
business, was appointed in my place, although unknown 
the Commissioner, either personally or as having «\''! 
designed and carried out any work of this character. T 
work was all done in my office (Professor Burr was a )! 
fessor at Cambridge) and I allowed a generous propor': 
of the fee. Our arrangement in case of a partnership |. 
been 4-10 as Burr’s proportion and 6-10 my proportic 
but he pleaded for-a little more on this work, in view 
his name officially appearing as its author, and I acced:: 
to a division of 45-100 and 55-100 respectively. Keepin 
the ‘“‘controlling interest,’’ as they say in corporatio: 
That Professor Burr is ignoring my connection with th: 
work in his writings on the subject, should prove disloy« 
to me, hurts him a great deal more than it does me, a: 
he is welcome to all that he can make out of the matter. 

I think with the above facts in mind, and a contemp!: 
tion of the executed work, the profession will not be at 
loss “‘to give credit to whom credit is due.”’ 

Yours truly, Alf. P. Boller. 
27 Pine St., New York city, Oct/ 25, 1897. 
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FIG. 11. DETAILS AT 
OUTER END OF GATE NEAR BOTTOM 


Vertical Section 
at Anchor Bolts. 


FIG. 13. ANCHORAGE FOR LOWER LOCK GATE. 
Section A-B 


FIG, 14. DETAILS OF ANCHORAGE BOX, LOWER LOCK GATE. 


THE LOCK ON THE CASCADES CANAL, COLUMBIA RIVER, OREGON. 
Engineers, Major Thomas H. Handbury and Capt. Edward Burr, Corps of Engineers, U. S. A. 
Contractors, J. G.& I. N. Day, Portland, Ore., and the Maryland Steel Co., Sparrow's Point, Md. 
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DETAILS OF GATES FOR THE CASCADES CANAL 
LOCK. 
(With full-page plate.) 
ur last issue we described at length the lock 
on the Caseades Canal on the Columbia River, 
: the great steel gates of the lock, which are 
, ved to be the largest canal lock gates ever 
We now supplement the general illustra- 
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ns of the lock and its gates, which were given 
vur last issue, with drawings showing the details 

- construction of these great gates. The design 
of these gates and their connection to the masonry 
may seem a simple problem; but the magnitude 
of the masses to be moved, the huge scale on 
which the work had to be carried out and the 
enormous strains due to the weight of the struc- 
ture, and to water pressures and wind pressures, 
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Details of Upper Casting. 









Details of Lower Casting. 


made the problem one requiring no small ability 
to solve correctly. 
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RAIN GUSHES IN THUNDERSTORMS. 


Mr. Edgar Richardson, at Healdsburg, Colo., under date 
of July 27, says: 


When living in West Virginia I used to observe that, 
during a thundershower, after every clap of thunder, 
tha Tain would come down with increased quantity for a 
‘ew moments and then let up again. The whole effect 
seemed to be caused by the thunder discharge letting 
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loose an increased quantity of water above. I once saw 
an explanation of this, but have fost it. Will you 
kindly explaic the cause, if possible? 


Several plausible methods of explaining this phenomenon 
have been accepted, from time to time, in the history of 
meteorology, but the progress of our knowledge has suc- 
cessively dissipated these explanations as erroneous, but 
without, as yet, replacing them by something nearer the 
truth. 

One of the oldest suggested explanations was that the 


Radius of Sill Pl=_\ | 65.386 


FIG, 9.—PLAN OF LOWER GUARD GATE. 


commotion in the air produced by the thunder jostled the 
cloud particles together into larger drops, that fell as rain. 
Generally the drops reach the ground so soon after th» 
thunder, possibly even at the same time with it, that this 
explanation fails. Even the large drops would require ten 
seconds to fall 1,000 ft., and the clouds are much higher 
than that; moreover, no amount of noise, such as the fir- 
ing of a gun into a small cloud of escaping steam, will 
produce any such formation of large drops. The idea that 
violent explosions can produce rain was thoroughly refuted 
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by the famous experiments made by Dyrenforth a few 
years ago in Texas. Equally erroncous is the idea that 
has been widely believed in for several hundred years that 
explosions and cannonadings can break up and dissipate 
hailstorms, thunderstorms and rain when they are not 
wanted. 

The rain from every cloud always comes down more or 
less intermittently; it may be in short, heavy showers, or 
in longer, gentle alternations. We do not know enough 
of the natural process by which rain is formed within a 
cloud to understand why this intermittent action should so 
generally occur, but anyone watching the progressof a rain 








cloud from some height where he may 
broad landscape, will observe it dropping its rain hers 
and there as it moves along. Even if there were no con- 
nection, by way of cause and effect, oetween the noise of 
the thunder and the fall of the rain, yet there would al 
ways be some observers in the path of the rain cloud who 
would be able to say that the rain fell upon them just 
after they heard the thunder. There will, of course, be 
many more who will have observed that the rain cam 





with or even before the thunder, and it will hardly do for 
us to attempt to explain the reasons why heavy rain fol 
lows the thunder until we have first satis‘ied ours ives 


that it does not equally often precede the thunder It 
would take a very careful observer to accumulate the 
necessary statistics Hie should give us the following nu 
merical data, viz.: How many times in the course of a 
year has heavy rain followed after cne thunder within 1, 
2, or .... 10 seconds, and how many times has the rain 


preceded the thunder by 1, 2 or .... 10 seconds? 

There can be no doubt but what thunder, which is 
formed simultaneously with the lightning, reaches the 
observer’s ears some time after he sees the flash, and 
the editor has always thought it likely that the special 
showers of rain have a direct connection with the flash 


rather than with the thunder. So far as his own observa 
tions go, the shower has always foilowed the flash and 


not the thunder; in fact, the thunder and shower often 
reach us at the same time. Some very accurate observa 
tions on thunder and lightning were recorded by Mr 
Stillman Masterman, of Weld, Franklin County, Me., both 
at that place and at Stillwater, Minn. These are pub 
lished in the annual report of the Smithsonian for 1855 
pages 265-282. His records give the details of each in 
dividual flash of lightning and resulting thunder. In the 
storm of the afternoon of July 9, 1854, the details of over 
50 flashes are given, and one case is noted in which a 
flash, whose thunder became audible within two seconds 
and was entirely over within five seconds, was prec: ded 
by the gush of rain. Similarly, in the storm of September 
6, 1854, one flash was preceded by five seconds and an 
other flash was preceded by one second by the gush of 
rain. On June 14 and 15, 1852, Mr. Masterman says: 

I noticed that for several succeeding discharges of the 
electric fluid there was in every instance a sudden and vio- 
lent gush of rain immediately previous to the flash of 
lightning. I have observed a like phenomenon on several 
previous occasions. 

It is at present an open question whether the gushes of 
rain in eny way bring abcut the formation of lightning, or 
whether the formation of lightning produces or accom- 
panies the formation of the raindrops. In fact, both may be 
true, each under appropriate circumstances, but there is 
no reason to associate the thunder and the gushes of rain 
together as a case of cause and effect. 

(1) When gushes of rain closely actend the lightnimg it 
is not improper to consider the falling rain as a mass of 
electrified drops conveying the electricity from the cloud 
region to the earth's surface; when w.ney have approached 
the latter within ‘“‘the striking distance,’’ then the - flash 
of lightning springs forth. The occurrence of the light- 
ning is, therefore, in such cases, due to the presence of a 
column of descending raindrops 

(2) When the rain precedes lightning by several 
seconds, as in the case observed by Mr. Masterman, this 
explanation, of course, does not apply. 

(3) When the rain follows the lightning at an interval 
of several seconds the connection between them may be 
either accidental or casual. 

(3a) In the first case, the rain started from the cloud 
independently of the lightning and reached the observer a 
few seconds later, partly because it took that time to reach 
the ground and partly because it took time to be carried 
along horizontally by the wind as it fell to the earth. 
Both the vertical motion and the horizontal motion are 
involved in the time that elapses between leaving the 
cloud and reaching the observer. 

(3b) If the connection is casual then probably the 
lightning and the raindrops are formed at the same in- 
stant, and the time that elapses between the observer's 
observation of the flash and the shower is essentially the 
time occupied by the drops in falling to the earth's sur- 
face. 

All these suggestions looking toward an explanation of 
the connection between thunder, lightning and gushes of 
rain must be understood to be merely so-called working 
hypotheses, which need to be tested by further experi- 
ment and corrected, and possibly entirely abandoned — 
Monthly Weather Review. 
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MACHINES FOR INSERTING VALVES AND BRANCHES 
IN WATER MAINS UNDER PRESSURE. 


Patents were granted recently to Morris R. 
Sherrerd, M. Am, Soc. C. E., Engineer and Su- 
perintendent of the Department of Water, Newark, 
N. J., and to D. W. French, Superintendent of 
the Hackensack Water Co., Hoboken, N. J., for 
devices to insert valves and branches in water 
mains under pressure. These devices form a 
new aeparture in water-works appliances, and are 





| 
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Pig. 1.—Double-Headed Cutting Tool Used with the Sher- 
rerd French Valve and Branch Inserting Machines. 


of great practical interest not only to the mana- 
gers of water and gas works, but to all corpora- 
tions which have to make excavations in city 
streets, 

A brief description of the several machines em- 
ployed, and of the method of operating them will 
be interesting to those who have experienced the 
inconvenience of shutting off the water supply, 
heretofore required when branches and valves are 
inserted into water mains in position. 

Fig. 1 is a view of a double-headed cutting tool 
or a machine for cutting out a section of cast- 
iron pipe. This tool is used in each of the several 
devices. It is made up of a divided frame, the 
upper section of which carries the driving gear. 
Two similar divided collars are bolted around the 
ceatral frame and mesh with its gear. This tool 
may be set at any point on a straight piece of pipe 
and is adjusted in position by small set-screws. 
Bach collar carries a cutting tool. These are fed 
automatically toward the pipe upon each revolu- 
tion (the collars traveling in opposite directions). 
The feeding is accomplished by the tripping of 
the small star wheels coming in contact with a 
stationary pin on the main frame, each star wheel 
being fixed to the head of a bolt in the screw-feed- 
ing blocks, 

The principle involved in the several appliances 
for inserting valves and branches is the use of this 
tool within a casing temporarily attached to the 
main (in order that the piece may be cut out while 
the main is under water pressure). This machine 
is operated by a shaft projecting through a stuff- 
ing box in the casing, by which means the cut 
is made from outside the casing, and the ma- 
chine and the cut-out section of pipe may be 
drawn up into a dome or bonnet without interfer- 
ing with the flow through the mains. 

Fig. 2 shows a view of a complete machine 
adapted for the insertion of small valves (from 
(-in, to 16-in.) in cast-iron water mains. One ma- 
chine can be used on two sizes of mains. 

This machine is made in parts which may be 
bolted around the mains. The cutting tool is first 
placed on the main at the point where the valve is 





to be inserted, and the cut is partially made dry. 
A split sleeve is then bolted on the main around a 
ring of packing which fits against a shoulder on 
the inside of the sleeve. This sleeve is placed near 
one of the cutting collars. The main machine or 
casing is now bolted around the pipe and sleeve, 
completely enclosing the cutting mechanism. One 
end of the bottom part of the casing is tempo- 
rarily leaded to the main, the other end carries a 
stuffing box which surrounds the sleeve. A crank 
shaft projecting through a stuffing box in the 
top of the casing is connected with the pinion of 
the cutting machine and the cut is completed 
from without the casing. The other rod shown in 
the view is attached to the cutting machine and 
also works through a stuffing box. 

After the cut has been made, the cutting ma- 
chine and cut-out piece are drawn up by means 
of the central rod into the bonnet or dome, and 
upon closing the horizontal sliding valve the bon- 
net may be removed. A valve specially adapted 
for this work is substituted in the bonnet for 
the cutting machine. The bonnet is then re- 
placed, the horizontal valve opened, and the valve 
to be inserted is lowered into the space between 
the severed ends of the pipe and secured in place 


by forcing the sliding sleeve from without into the 
large hub of the valve and by continuing the mo- 


tion the small hub is carried on to the opposite 
end of the cut main. The casing may then be re- 
moved. 

Fiz. 3 shows a valve in position after the re- 
moval of the casing, water-tight joints being 
maintained by gaskets, and the sleeve being held 
in position by jacks until lead joints are run. 

The longitudinal sectional view of the valve- 
inserting machine, Fig. 4, gives the relative posi- 
tions of the parts after the valve has been lowered 
between the severed ends of the pipe and just 
after the sliding sleeve has been pushed home. 
Water-tight joints are obtained by the use of rub- 
ber gaskets in the bottom of each hub. These 
gaskets are held in position by small wedge- 
shaped pieces located at intervals in the inside of 
each hub. The pieces also serve the purpose of 
centering the valve and giving uniform joint room 
for the lead. The water is kept from passing be- 
tween the sliding sleeve and the main pipe by the 
use of packing wound around the pipe between the 
small rib on the inside of the sleeve and the valve. 
The sliding sleeve is operated from outside the 
casing by means of jacks. A water-tight joint is 
obtained between the sleeve and casing by a stuff- 
ing box around the outside of the sleeve. In in- 
sverting a valve the disks may be in an open posi- 
tion, thus allowing a free flow through the main 
until such a time as it is desired to use the valve. 

The sectional view, Fig. 5, shows the application 
of the foregoing principles as adapted to placing 
valves in mains larger than 16 ins. diameter. In 
this construction the valve is made in three parts, 
the lower two of which carry the seat rings and 
are adapted to be secured around the main. An 
annular space is provided in this part of the valve 





Fig. 3.—Valve and Sleeve, after Casing has been Removed. 


to allow the cutting tools to revolve. By this 
means the valve itself is used as the casing in 
which the operation of cutting out a piece of pipe 
between the valve seats is performed. This piece 
and the cutting machine may be removed from the 
main while under pressure by the use of the bon- 
net of the valve as a temporary chamber to re- 
ceive them. After the cut has been made, the 


bonnet carrying the stem, with the disks |, 
open position, is permanently fastened to th 
section of the valve. In opening and clos 
valve the usual wedge mechanism allows th, 
to pass the slightly projecting ends of th 
where the cut was made. When the main 


is closed the auxiliary valve may be remo, 





Fig. 2.—Machine for Inserting Small Valves. 


a blank substituted; thus allowing this side val\. 
to be used on other main valves. 

Figs. 6 and 7 show the method of making 
branch connections. A section of the main line of 
pipe may be cut out under pressure in the center 
of a split or divided branch or cross. The cut-out 
piece and cutting machine is drawn up into a 
temporary bonnet. Next the sliding valve is 
closed and the bonnet, machine and cut-out sec 
tion of pipe may be removed and a blank flange 
substituted. This method of making branch con- 
nections is claimed to be far superior to any now 
in use. It gives a better water-way, and the 
valves on the branch lines may be located at any 
convenient point, or, if desired, need not be used 
at all. The same cutting machine and the bonnet 
which is used to insert valves may be used to 
make the branch connections. It has the added 
advantage of mdking a double branch connection 
at one operation, because by removing a piece of 
the main pipe in the centre of the divided branch, 
an outlet is afforded at either side. 

Valve inserting machines are in use on thr 
Newark and the Hackensack water-works, an 
Messrs. Sherrerd and French are manufacturing 
the several appliances under their patents. Mr 
Fred. A. Smith, 275 Pearl St., New York City, is 
their sales agent. 
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BIDS FOR THREE 35,000,000-GALLON LOW-SERVICE 
PUMPING ENGINES, METROPOLITAN WATER 
BOARD, BOSTON. 


The Metropolitan Water Board has awarded to 
the Holly Manufacturing Co., of Lockport, N. Y.. 
a contract for three vertical, triple-expansion, fly- 
wheel pumping engines, each having a capacity of 
35,000,000 gallons in 24 hours. The specifications 
require that ‘the engines shall perform a duty of 
145,000,000 ft.-Ibs. for each 1,000 Ibs. of commer- 
cially dry steam used by the engines. The duty 
is to be based upon plunger displacement, but it 
is specified that the slip for loss of action in the 
pumps shall not exceed 3% of, the plunger dis- 
placement. The engines are to be operated against 
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a total head of 45 ft., and supplied with steam of 
150 lbs. pressure. If the duty shown by the en- 
gines exceeds 145,000,000 ft.-Ibs., the contractor is 
to receive a bonus of $350 per 1,000,000 ft.-Ibs. in 


excess of the guaranteed amount, and if the duty - 


js Jes than 145,000,000 ft.-Ibs., the contractor is to 
forfeit the sum of $1,000 for each 1,000,000 ft.-Ibs. 
unp rformed below the guaranteed amount. 

‘ye following proposals were received for the 
eneines: Holly Manufacturing Co., $45,500 for 
ea h engine, The design submitted by this com- 
pany had steam cylinders 17, 31% and 46 ins. in 
ameter by 60-in. stroke; three single-acting 


i 





Fig. 4.—Sectional View of Valve and Sleeve. 


pumps, with plungers 37 ins. in diameter and 60-in. 
stroke; piston speed, 300 ft. per minute, 

The Geo. F. Blake Mfg. Co., of Boston, bid on 
two types, as follows: Type A, $67,000 for each 
engine; type B, $65,000. The designs submitted by 
this company had steam cylinders 18, 32 and 50 
ins. in diameter by 60-in. stroke; three single- 
acting pumps, with plungers 40 ins. in diameter 
and 60-in. stroke. The engines were designed to 
have a piston speed of 254 ft. per minute. 

The Edward P. Allis Co., Milwaukee, Wis., sub- 
mitted three proposals, as follows: Type A, $66,000 
for each engine; itype B, $75,000; types C and D, 
$79,000. The same type of steam end was sub- 
mitted with all bids, the designs varying in the 
types of pumps. The steam cylinders were 20, 36 
and 54 ins. in diameter by 66-in. stroke. Types 
A, B and D had single-acting pumps, with plung- 
ers 43 ins. in diameter and 66-in. stroke. Type C 
had double-acting pumps, with plungers 30% ins. 
in diameter by 66-in. stroke. The engines were 
all designed to make 20 revs, per min., giving a 
piston speed of 220 ft. per min. 

The Lake Erie Engineering Works, Buffalo, N. 
Y., bid as follows: Type No. 1, $67,400; Type No. 
2, $69,500. These designs had steam cylinders 19, 
33 and 52 ins. in diameter by 60-in. stroke; pumps 
single-acting, with plungers 37% ins, in diameter 
and 60-in. stroke; piston speed, 282 ft. per min. 
The types differ in the design of the pump cham- 
bers. 

The I. P. Morris Co., Philadelphia, Pa., sub- 
mitted two proposals, as follows: Single-acting 
plungers, $88,200; differential plungers, $89,500. 
These designs had steam cylinders 17, 31% and 48 
ins. in diameter by 60 ins. stroke; single-acting 
plungers, 37% ins. in diameter by 60-in. stroke; 
differential plungers, 3744 and 26% ins, in diameter 
by 60-in. stroke; piston speed, 300 ft. per min. 

Mr. Frederic P. Stearns, M. Am. Soc. C. E., is 
Chief Engineer of the Metropolitan Water Board, 
and Mr. Dexter Brackett, M. Am. Soc. C. E., is 
Engineer of the Distribution Department. We are 


Pr to Mr. Brackett for the above informa- 
tion, 
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SEWAGE DISPOSAL ON LAND AT LITCHFIELD, CONN. 


Sewage disposal on a small scale was begun at 
Litchfield, Conn., in 1892, and has been continued 
wit) some changes and enlargements since. Dut 





little expense has been put on the disposal area, 
but it is said to give satisfaction. 

Litchfield had a population of 1,058 in 1890, dur- 
ing which year water-works were built by a private 
company. About 1890 the borough applied to the 
legislature for authority to take land outside its 
limits for sewage disposal purposes, Mr. T. H 
McKenzie, M. Am. Soc. C. E., of Hartford, Conn., 
having prepared plans for filter beds. ‘The legis- 
lature adjourned without acting on the applica- 
tion, and authority to use this land was neve! 
secured. In 1892 the borough laid about three 
miles of pipe sewers, providing for a hotel, about 
8O dwellings and a few other buildings. About 
three acres of land were bought for a disposal 
area, less than one acre of which was suitable 
for receiving sewage. Several beds were laid 
out, but not underdrained, and were put in use. 
Owing to the unsuitable character of the soil the 
beds could not absorb the sewage fast enough in 
wet weather to prevent ponding. 

In the fall of ISM the sewerage system was ex- 
tended to provide for the whole village. All the 
sewage could not be conveyed by gravity to the 
old beds, besides which the land was unsuitable, 
so an area of 17 acres was bought in another lo- 
cation, about three miles southwest of the bor- 
ovgh. The new area cost about $500. The old 
field has been sold. In December, 1895, Mr. Wm. 
Marsh, Sewer Commissioner, informed us that 
about two acres of the new field had been di- 
vided into beds and partially graded and was then 
taking care of the sewage satisfactorily, except 
in very wet spring and fall weather. At such 
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Plan of Lower Portion on Plane A-B. 


times, he stated, the volume of sewage was large- 
ly increased by roof and other storm water, over- 
taxing the beds. On Oct. 7, 1897, Mr. Marsh 
wrote that the storm water has been almost en- 
tirely diverted from the sewers. Some work is 
done on the field each year in the way of thorough 
grading and otherwise preparing it for use. 
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The sewage is distributed by means of wooden 
earriers having side gates 20 ft. apart. The soil 
of most of the field is a -light, sandy loam, in 
which the sewage speedily disappears. No under 
drains have been provided as yet. Mr. Marsh 
states that the effluent finds its way into low, 
swampy ground on three sides of the fleld be 
also says that it has not yet been found necessary 
to give the beds as elaborate preparation as has 
been the case at some other places, the sewage 
being cared for “in fine shape,”’ and, again, “in a 
very satisfactory manner.”’ Of course, such state- 
ments as these give no idea of the real efficiency 
of the beds, although indicating that they are a 
nuisance to no one and work to the satisfaction 
of those in charge. Probably there are not many 
houses near by, for the beds are some three miles 
from the village; in addition. Mr. Marsh states, 
in answer to a question regarding the raising of 
crops, that no attempt at cropping has been made, 





Fig. 5.—Sectional View of Large Valve. 


“but I am sure it might be done to advantage if 
any one lived near the field who could 
to it.” 

The engineering work connected with laying out 
the sewerage system was done by Mr. (. J. Hill. 
of New Haven, but the beds have been 
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Fig. 7.—Details of Split Branch. 


structed since then, perhaps in part from grades 
and lines established by Mr. Hill. The whole 
system, as we understand it, is in charge of Mr. 
Marsh, to whom we are indebted for most of the 
information given above. 

-_—_—-—o ne ee ——— 

THE KNAPP ROLLER BOAT, which was recently 
launched at Toronto, Ont., was tested on Oct. 21, and 
attained a speed of about six miles per hour, according 
to the press dispatches. The test was discontinued after 
about two miles had been traversed, as the plates of the 
cylinder showed signs of weakness. As stated in our issue 
of Sept. 23, 1807, this vessel consists of two cylinders, an 
ipner one carrying all the machinery, supplies, etc., and 
an outer cylinder provided with paddles. The inner cy!- 
inder is supposed to maintain its position while the outer 
cylinder revolves, causing the vessel to progress by ac- 
tually rolling over the water. 
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PROGRESS OF TRACK ELEVATION BY THE CHICAGO 
& NORTHWESTERN RY. IN CHICAGO. 


Some rapid work in track elevation at Chicago 
has been accomplished by the Chicago & North- 
western Ry. in its work of abolishing grade cross- 
ings in conformity with the city ordinances. While 
the work has been spread over about 214 years, it 
has been in actual progress only a few months at 
a time, during the spring and summer of each 
year, the total time of work aggregating only 
about eight months, or one or two miles of work per 
month, Practically all the work consists of solid 
embankments 8 to 12 ft. high, wide enough for 3 
to Y¥ tracks, the embankments having heavy ma- 
sonry retaining walls. The streets are crossed by 
plate-girder through bridges, which were erected 
on pile abutments before the masonry abutments 
were built, and many of the streets have been 
lowered from 4 to 6 ft., requiring excavation and 
paving. As all the work involves busy main lines, 
yards and junctions, with heavy traffic, and as it 
had to be carried on as rapidly as possible, and 
with little interference with railway or street traf- 
fic, it has required very careful planning and man- 
agement, All the work has been laid out by and 
carried on under the supervision of Mr. L. H. 
Evans, Engineer of Track Elevation for the C. & 
N. W. Ry. The work was commenced on May 11, 
IS05, on the Galena Division, and this part was 
completed by July 17, 1895, eliminating all grade 
crossings between Western Ave. and 47th Ave., a 
distance of about 3 miles, 144 miles being ele- 
vated. The railway has five tracks for a part of 
the distance, and nine tracks for the rest of the 
distance, and there are seven street crossings. 
This would be about 45 days per mile of line (with 
five street crossings per mile). On June 18, 1896, 
work was commenced on the elevation of the Mil- 
waukee Division, and by July 31, 1806, 24 miles 
had been completed. The remaining 142 miles of 
this division were commenced April 15, 1897, and 
completed May 10, 1897. This division had a 
double track, but a third track was built during 
the work of elevating the line. On the first part 
of the work there are 13 street crossings, while 
the track Was raised 8 ft. and the streets lowered 
4 to 6 ft. below their former grade. On the sec- 
ond part, 1% miles, there are eight street crossings. 
This would give 19.1 days per mile (with 5.5 street 
crossings per mile) for the first section; and 16.6 
days per mile (with 5.8 street crossings per mile) 
for the second section. On June 1, 1897, work was 
commenced elevating the line from the Galena 
Division along Rockwell St. to Twelfth St., 1% 
miles, this division including three tracks of the 
Chicago & Northwestern Ry., and two ‘tracks of 
the Pittsburg, Cincinnati, Chicago & St, Louis Ry. 
the latter being parallel with and alongside of the 
tormer. This part of the work was completed Aug. 
16, 1897, giving 51.4 days per mile of line, with 
about 13 street crossings per mile. The accom- 
panying table shows the extent of the work and its 
rate of progress: 

On the Rockwell St. line there are 19 bridges 
over street crossings, the spans being from 66 to 
10U ft., and most of these carry six tracks. Much 
of the bridge work was done at a very rapid rate, 
the manufactured bridge material being assembled 
at derricks placed at one end of the work, and then 
loaded onto cars as complete bridges. These were 
then hauled to the street and lowered upon tempo- 
rary pile supports, the masonry abutments being 
built afterwards, while the elevated tracks were 
in operation. The intermediate floors were then 


Table Showing the Progress of Work of Track Dlevation in Chicago by the Chicago & Northwestern Ry. 


Length, miles .......ccseccccceccecvescesccssseccese 
Number of tracks .........e4+. ‘ 
Work commenced .......+025 esses 

Work fnished 2... ccc cccccccccccesecceses 

Days Of WOTK 2... ..seeccererecercee eeenenes coe 
Days per mile of lime ....... ccc eceeneweeenneecencece 
Streets Crossed 2... ccc ee cone cocvccesscsccsccevcoces 
Streets crossed per mile .......cceecerceceeeccecveces 
Miles of double track .........cceecesceccesccesevecs . 
Filling bank, CU. yds, .......cecceeccecerscccccecvece 
Excavation for streets, CU. Yds. ......ceccseccersececs ° 
Masonry for retaining walls and abutments, cu. yds.. 
Ballast, CU. yds. 2... cccccsccccccecctessecsvaseseotce 





Rails, toms ..cccccccccccccsscccccccencs cenesecessece 
Bridges, tOMS ...cccccscrcecccescsces eeessecsecesees 
Street paving, 8Q. ydS. .......ceeeeeeee boa Se CoDebeces 
Sidewalks, sq. yds, ..... ccc csc cee ees cecewsesecscnens 


masonry, piling, bridge work,ballasting and track- 


Average number of men (including excavation, track | 
laying. 


put in place. The work of elevation was done in 
sections of such lengths as to include four street 
crossings, and two tracks were raised at a time. 
The C. & N. W. Ry. trains used the P., C., C. & St. 
L. Ry. tracks for 25 days, and the latter trains 
used the former tracks for 52 days, traffic being 
thus interchanged for 75 days, during which time 
110 tracks were elevated over the streets. The 
general scheme of the bridge erection work is 
shown by the accompanying diagram, the num- 
bers on which represent the bridge spans in the 
order of their erection. From this it will be seen 
that there are practically three sets of bridges, 
side by side, connected by two sets of intermediate 
flooring to form a continuous width of bridge. This 
work was handled as if it were a five-track rail- 
way, and the bridge for the extra tracks are not 
always connected with the main bridge. All the 
bridges are for single-track, 13 ft. c. toc. The ma- 
sonry is built for seven tracks, and where there are 
six tracks on the bridges there is a space for floor 
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Plan of Track Elevation work on Rockwell Street Line, in 
Chicago, Chicago & Northwestern Ry., showing 
the Order in which Structures were 
Erected. 


(The numbers on the diagram show in each section the 
order in which the several bridge spans and intermediate 
floors were erected. The numbers given to the sections 
show the order in which the work was done.) 


for another track to be put in when needed. The 
rapid rate of the progress of the work may be 
gathered from the following summary: 


Sec. No. 1.—Equivalent to 12 tracks; first bridge placed 
June 4, and section opened for traffic at 2 p. m., June 12. 

Sec. No, 2.—Equivalent to 20 tracks; first bridge placed 
June 13, and section opened for traffic at 6 p. m., June 25. 

Sec. No. 3.—Equivalent to 20 tracks; first bridge placed 
June 26, and section opened to traffic at 6 a. m., July 12. 

Sec. No, 4.—Equivalent to 20 tracks; first bridge placed 
July 12, and section opened for traffic July 22. 

Sec. No. 5.—Equivalent to 8 tracks; all work done on 
July 22 and 23. 

From June 4 to July 23 (37 working days), bridges were 
placed for 83 tracks over subways. 

At 12th St., bridges for 7 tracks were put in between 
Aug. Land Aug. 6. 

At Lake and Fulton Sts., bridges for 13 tracks were put 
in between Aug. 9 and 15. 


A brick passenger station of the P., C., C. & St. 
L. Ry., at Madison and Rockwell Sts., had to be 


Galena —— Division—; Rockwell 


Division. st section. 2d section. St. Total. 
‘ 1% oh % 1% 6% 
2 to seers 


May 11,'95 June 18, ‘96 April 15,’97 June 1 tine 


July 17,95 July 31,’'96 May 10, 97 Aug. 16 @ seve 
67 43 25 7 258 
45 19.1 16.6 51.4 31 

7 13 8 19 47 

5 5.5 5.3 13 6.6 
3.75 3.37 2.25 3.75 13.12 
275,000 140,000 110,000 190,000 715,000 
30,600 57,000 35,000 70,000 192,600 
10,170 8.5380 5,000 20,000 43,700 
53,000 32,000 13,000 35,000 133,000 
1,089 285 188 1,200 2,762 
1,645 1,995 1,184 6.000 10,824 
11,433 18,600 11,000 32,000 73,033 
6,833 8,950 4,300 21,000 41,003 
350 350 350 400 eecee 


raised about 15 ft., and two elevated railw 
to be raised to give the necessary headw.» 
work of elevating the Metropolitan West s 
vated Ry. was described in our issue of s 
As the Lake St. Elevated Ry. did not rev 
be raised as much as the other line, on 
of the C. & N. W. Ry. gradually descendin. 
old grade, the tracks of the elevated railw.» 
been left at the same elevation, but a th 
truss span has taken the place of three pla 
der deck spans. The Chicago & Northwest, 
has now elevated about seven miles of its : 
and next April it will begin work on the \ 
sin Division, between Mayfair and (1), 
Junctions, 4% miles, on which there will 
street subways or 5.5 crossings per mile. 


$$ iii 


THE NEW YORK CENTRAL & HUDSON RIVER &. 2 
WRECK NEAR GARRISONS, N. Y. 


The worst accident which has occurre 
the New York Central & Hudson River kh 
since the New Hamburg disaster of Feb. 6, 
in which 21 persons met death, took place in 
early morning of Oct. 24, and resulted in 
death of 20 and the injury of 14 persons. 
some respects the accident was one of the ; 
peculiar which has ever occurred in this cou: 
The wrecked train, the Buffalo and New \ 
Special, consisting of one express car, one 
coach, one baggage and smoking car, and 
Wagner sleeping cars, was running along a | 
and straight stretch of track about 1144) 1)! 
south of Garrison’s, N. Y., when, seemingly, wi: 
out an instant’s warning, the embankment of : 
roadbed appears to have given way and preci 
tated the locomotive and six cars into the Huds 
River, the east. bank of which is approach 
closely by the railway tracks at this point. M.-; 
of the killed appear to have been drowned by ¢! 
plunge into the river. 

In an official statement given out by Gener: 
Superintendent Edger Van Etten, about twe! 
hours after the accident, the following particular: 
of interest are found: 

The accident to train No. 46 this morning, two 1 
south of Garrison's, was caused, to the best of our beli: 
by the embankment slipping into the river under 
weight of the engine. Why this embankment, which | 
stood for 40 years or more, should give out at this pa: 
ticular time, is unaccountable. Trains in both directions: 
had passed over it within 15 minutes of the time t! 
accident occurred, one northbound within 30 minutes. 

The engine and tender went into the river, dragging 
with them the express car, the combined baggage a: 
smoking car, the day coach and three sleeping cars, le 
ing three sleepers standing upon the rails. There wr: 
upon the train 96 passengers, five trainmen, and cig! 
employees, 100 persons in all. 

Later investigations have added onlya few min 
facts regarding the character of the wreck and th. 
fatalities caused by it. The cause of the acciden 
is yet very largely a matter of conjecture, but as 
is always the case in such instances, a vast num 
ber of widely varying explanations and theories 
have been advanced. The more important of thes 
will be given following a brief statement of th: 
physical conditions of the track and roadbed «' 
the point where’ the accident occurred. 

The site of the accident was about 114 mile: 
south of Garrison's, a station 50 miles north . 
New York, and about two miles north of High 
lands, the next station south of Garrisons. TT! 
road between the two stations is pretty crooke: 
but at this spot, midway between them, is « 
straight, level stretch of track, about half a mi! 
long. The road is double tracked, the precipitou- 
sides of the Fishkill Mountains coming down a! 
most to the edge of the roadbed on the land sid 
and the waters of the Hudson River being on:. 
15 ft. or 16 ft. from the outer rail on the riv.: 
side. As stated by General Superintendent Va: 
Etten, trains had passed safely over this outsi/ 
track within 15 minutes of the time of the acc 
dent. The clearest and probably the most au 
thoritative statement of the construction of th: 
roadbed at the point where the break took plac 
has been made by General Roadmaster W. I) 
Otis and published in some of the New York dail) 
papers. This statement, as given in the New 
York “Times,” is as follows: 

I have noticed a report that we have been widening 
out the roadbed at the point where the accident occurred, 


and that in so doing we built an unsubstantial wall on 
sandy bottom without driving pile# I wish to say that 








October 28, 1897. 


puna muliunadersinen pera Re 


hat + is absolutely false. The facts in the case are 
os ‘ore the road was built there was a little cove 
“ee in question. It extended to the east some 30 
\ the east side of the present roadbed. The for- 


at the earth at the bottom was rock. It came 
aot the hills to the east, and curving under the 
¢ ss ted off down into the river. 

Ww .- eame to lay our road there 45 years ago, using 


voek as a bottom, we filled in the space across 
tk — rocks taken from cuts which had been 
ia +. The sea wall was built at that time, using 
ate rock surface as a basis. That sea wall was 
a cistence on Saturday night. The work that we 
hav » doing there lately consisted not of widening 
hav cut toward the river, but of raising the surface 


ft da. 
a . frequently to do that, as the roadbed in spots 
. ee tends to sink. In raising the bed 
we d ot, however, widen it or change the alinement of 
se" ks in any way. Raising the bed, however, 
‘ necessitated the raising of the sea wall. We 
ea new wall on top of the old wall, using the old 
wa s a foundation. he alinement or construction ot 
, wall were not changed in any particular. Its top 
‘» some places above the surface of the water; in 
t t was just below the surface. 
1 ow wail, reared on top of the old one, was simply 
. of masonry above the water, and its giving away 


no ve occasioned any such accident as occurred. 
ap ad = that at some points along the line where 
“as re raising the roadbed we found the old sea wall 


s vy bulged out. It had been forced out by the pres- 
cure of the filling in. =e 
‘rho bulging, however, was only noticeable near the top 
; oid sea wall, Further down, near the foundation, 
it i not moved an inch from the position in which it 
was originally laid, and consequently the bulging was of 
ve onsequence Whatever. Any bulging of this kind was 
cable wherever the new superstructure was laid in 
5 wav as to make a straight string-piece. ‘ 
Of course, it is next to impossible to say exactly wha 
sused the accident. At the same time, knowing = 
‘oar herous character of slanting rocks, full of cavities an 
iodees, 1 think it quite possible that the rock formation 


beneath the roadbed and beneath the original sea wall 
gave way. 

\e have discussed the principal points of Mr. 
Otis’ statement in our editorial columns, and will 
not refer to it further here. As already stated, 
several theories have been advanced in regard to 
the cause of the accident. 

The first and most common theory is that the 
river waters raised by the high tides of the few 
days preceding the accident had penetrated the 
cea wall and washed out parts of the earth filling 
of the roadbed, leaving simply a crust on top, or, 
at least, had caused fissures and cavities, so that 
the load caused a subsidence and the whole em- 
bankment next to the river slumped out. It is 
pointed out that the wall, which was not designed 
as a retaining wall but simply as a sea wall, to 
prevent the waves from washing the embank- 
ment, was a dry wall, that is, without mortar 
joints, so that the access of the water to the filling 
inside was easy. We have discussed this and 
other probabilities in our editorial columns. 

Immediately after the accident work was begun 
by the railway company repairing the track and 
raising the sunk cars and locomotive. In repairing 
the roadbed both tracks have been swung in shore, 
so that the outside or river track now occupies 
the position of the former inside or inshore track. 
An investigation of the accident is to be made by 
the State Railroad Commission, and it is hoped 
that it may shed further light upon the causes 
of the disaster. 

ED a ————_—______— 

A PAN-AMERICAN EXPOSITION to illustrate the ma- 
terial progress of the New World during the nineteenth 
century is proposed to be held at some point on the Nia- 
gara River in the State of New York in the year 1900. 
The idea is stated to have been suggested at the Atlanta 
Exposition by the American Exhibitors’ Association, and 
to have been taken up by Capt. J. M. Brinker and Rich- 
mond C. Hill, of Buffalo, N. Y., who have organized the 
Pan-American Exposition Company, with a full list of 
officers and an executive committee to prepare plans and 
proceed with the necessary preliminary work. The site 
for the exposition is stated to be at La Salle, about four 
miles south of Niagara Falls on the Niagara River. 
Among the people connected with the scheme are Messrs, 
Chauncey M. Depew and Roswell P. Flower. 


EE 


THE SIXTEENTH ANNUAL CONVENTION OF THE 
AMERICAN STREET RAILWAY ASSOCIATION. 


The 16th annual convention of the American Street Rail- 
way Association was called to order by President Robert 
MeCulloch at Niagara Falls, N. Y., on the morning of 
Oct. 19. The President introduced Hon. A. C. Hastings, 
Mayor of the city, who welcomed the visiting street rail- 
way men in a brief address, during which he outlined the 
\istory of Niagara Falls and the plans for power develop- 

‘ont which may in the future result in transmitting cur- 
rent as far even as New York. The President’s brief, 


tut well turned reply was followed by the roll-call, which’ 


siowed a good proportion of delegates present. 
The President then announced that 11 street railways 
had requested membership previous to the meeting. The 
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minutes of the last meeting, held in St. Louis, in October, 
1896, were approved, and President McCulloch then read 
his address, in the course of which he spoke of the in- 
creasing use of Niagara's power for railway purposes and 
the constant and rapid changes in design and construc- 
tion of apparatus. He enumerated the objects of the 
society and reasons for the meetings, and complimented 
the supply men for contributing so largely to the success 
attained. The Street Railway Accountants’ Association, 
then in session in a lower room, was mentioned in high 
terms. Mr. McCulloch advised that all subjects selected 
for consideration should be such as would tend toward ad- 
vancement of the science of railroading rather than those 
of a historical nature. 

The deaths of five delegates occurring during the past 
year were announced, The President was authorized to 
appoint a committee to draw up and publish suitable reso- 
lutions. Mr. Penington next read the Secretary's and 
Treasurer’s report, which showed the association to be on 
a scund financial basis. 

A resolution was adopted that the Association endoise 
and pledge its support to the Street Railway Accountauts’ 
Association. 

The convention then began the program of papers on 
technical subjects. In the absence of Mr. P. F. Suilivan, 
General Manager Lowell & Suburban Ky. Co., Lowell, 
Mass., the Secretary read his paper, entitied “Municipal 
Ownership of Street Railways."’ The paper made com- 
parisons between American systems owned by private 
companies and foreign and local municipal systems, and 
the questions of rascality and political reward, etc., were 
well illustrated. A summation of opinious expressed by 
a number of prominent men throughout the country was 
given. These were in general to the effect tnat great cor- 
ruption existed in American municipal auairs, and as ex- 
amples the Union Pacific, the Hrie Canal and other Gov- 
erhment works were mentioned. Another important fact 
emphasized by the speaker was the great difference in 
track mileage, American cities having a much greater 
mileage of street railways than European cities of similar 
size. It was stated, also, that smaller proits were made 
there. 

In the discussion of this paper, Mr. Rogers, of B.ng- 
hampton, N. Y., knew of only two ways in which a 
municipality could obtain possession of private roads—by 
taxing out of existence or by actually taking a road away 
from its owners. It was a question between politicians 
and the people, and if they should take possession by any 
process, would they reimburse for the losses incurred be- 
lore a road was on a paying basis? Mr. Bean read a clip- 
ping from a Detroit, Mich., paper stating tuat at the re- 
cent convention of Mayors at Columbus, U., the munici- 
pal ownership of street railways was favored. In addi- 
tion, he stated that in some States the authorities could 
take possession by paying; in others they could not until 
the franchise expired. In Michigan they had the power to 
parallel, and thus destroy the value of a privately owned 
road. The question of printing this paper for general dis- 
tribution was raised, and after considerable discussion it 
was left to the Executive Committee, with power to act. 

The President then introduced Mr. G. W. Knox, Electri- 
cal Engineer Chicago City R. R. Co., whose paper was en- 
titled “Some of the Difficulties Existing in the Coustruc- 
tion and Operation of Electric Strcet Railways.’ The 
following abstract gives the principal points touched upon: 

Many an electric road now in tue hands of a rece.ver 
could be making neat incomes ior the investors naa a 
closer study ana practice of the economic principles gov- 
erning. the details of construction anu vpe.:aicn ben 
made. The keynote of doing tunis lies in lopping otf here 
and there the many unnecessary extravagances existing 
in the various departments of the system. The first ana 
most important step in working out economies is in se- 
lecting a corps of operators, trom the head foreman down 
to the man sweeping out the depot. If they are interested, 
and are working for the good of the company, scarcely 
an hour of the time in which they are engaged can go by 
without their effecting little savings, whicn in time sweil 
the items of econcmies to mammoth proportions. 

Our engines and electrical machinery have reached a 
state of comparatively high efficiency and economy, and 
there is not so much chanc? of making the saving along 
these lines, in either design or operation. There is also 
but little chance, in a broad sense, for argument upon 
such questions as feeder requirements, the necessity of 
ample and absolute return, cars, motors, etc.—as a gen- 
eral idea of what is required is so well understood. 

There are immense sums of money needlessly squan- 
dered in supplies and repairs for an electric road in a 
year. One of the causes of this waste lies in the fact 
that the roads have not yet arrived at a standard in the 
design of the apparatus which they use, to which too 
much importance cannot be attached. I mean in no wise 
to decry the assiduous and most excellent work of the 
manufacturers of electrical apparatus, but the unwary 
railway man has had an immense amount of experimental 


claptrap machinery inflicted upon him, all of which has 
cost dearly. 

Shaving of prices on material to the extent that it has 
resulted in competition being so sharp among the manu- 
facturers of electrical supplies that they have adopted the 
piece work plan in order that cheapness may be secured, 
thus turning out upon the market apparatus that makes 
no claims for efficiency, but is produced to fill orders. To 
free ourselves of these troubles, we must be more careful 
in getting out the specifications and checking up the ma- 
terial received. The most carefully prepared detail 
specifications should go.out for every piece of apparatus 
used. You will.then find that your supplies are coming 


to you made up in the proper manner. To be able to get 
out the specifications n it requires a certain amount 


> 
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of experimental work, requiring the keenest discretion 


Experimental work should only be encouraged to the ex 
tent of having in view the elimination of an existing 
money-Wwasting evil, and allowed only as passed upon by 


the management of the road, who should be fully 
petent to determine the probable practi 
theory proposed. 

I would strongly advocate not getting too great a quan- 
tity of stock of any kind of material on hand, as the de 


com 


cability of the 


fects developing often require the complete changing of 
designs, with consequent scrapping cf all material in 
stock. 

Another serious difficulty to be considered in connection 
with operation is the inefficiency of the motormen, and 


the Board of Examiners for the fitness of employees on 
street railways will be able to make a better showing in 


efficient operation than most other departments by giving 
more attention to the examination and instruction otf 
operators. 

One of the most commendable practices in street rail 
way management is the regular calling together of the 


heads of the different departments for consultation on 
matters pertaining to their respective departments 


During the discussion which followed, Mr 


Littell, 
Buffalo, N. Y., stated that he considered the meeting of 
heads of different departments a most excellent idea, and 
that he had been practicing it for some time with good rm 


sults. The meeting then adjourned until the morning of 
Oct. 20. 

While the delegates were in session at Convention Hali 
the lady visitors were entertained by an enjoyable tally 
ho ride across the suspension bridge to the points of in 
terest on the Canadian side, through the courtesy of th: 
General Elec. Co., and later in the International Hotel 
parlors by the local reception committee. 

The afternoon was devoted by nearly all to inspection 
trips, which included visits to the power house of the Nia- 
gara Falls Powcr Co., che Carborundum Works, the Pitts 
burg Reduction Co.'s large plant and the power plant of 
the Niagara Falls Power & Mfg. Co. In the evening the 
ladies’ reception committee Save an entertainment in the 
parlors of the lLnternational Hotel, 


Which included music 
and dancing. 


At the opening of the second day's session the Secret: 
announced that there were then in attendance 
delegates, 


ary 
about Juv 
1UuU ladies and fuily 60U supply meu. Mr. 
Charles Hewett, Electrical Engineer Union Traction ¢ a. 
Philadelphia, Pa., then read a paper entitled “Application 
of the Storage Battery to klectric Tiaccon.” 


Lue tol- 
lowing is an abstract: 


The most important applications of the storage battery 
to electric traction are: 

1, the application of the batt ry direct to car or loco 
motive, 2, the application of the patte ry 
line distant trom tue generating Slavion; 
tion of tue battery in the power house. 

With the appiication of the battery direct to car or 
locomotive, tue rst cose is greater tian our present 
overhead form of construction, and the expense of Opera- 
tion 18 considerably greater. 
Objectionabie to passengers om account of tux B4S piven 
otf. but very little reiiabie data is obtainavle frou all 
the various experiments which have been maae Mr. 
Dawson in an article published in “Engineering,”’ Oct. lt, 
1S¥6, says: ‘lwo principal causes Lave so far prevented 
the successful use of the accumulator cars—theic xreat 
weight and rapid deterioration of piaut—anu alibouga 
Matufacturers have been working ou the provlem siuce 
188VU, littie reliable information has ever reached the 
public.”’ 

i teel confident in stating that the battery car r quires 
consideri bly more power to operate toan an ordiuary 
trolley car of the sunie size and under the same coudi- 
tions, ara, further, the battery car will require a larger 
investment in generating nachinery. In fact, un.ess 
soine form of battery be discovered with entirely different 
characteristics from the lead battery, | should advise leav- 
ing such experiments tc those who enjoy Spending mouey 
on this kind of a hobty. Every battery bas wuat may 
be termed a critical rate of discharge. From zero up wo 
the critical rate the working e. m. f. remains practically 
constant. For any particular battery there is a rate ui 
charge which cainot be exceeded without useless waste of 
energy. If we plot curves for charging and discharging 
at normal or critical rate the space between the curves 
will represent waste energy. You will appreciate, there- 
fore, the remarks of Sir David Salomon, ‘‘that it takes 
power to get current through the battery, and it aiso 
takes power to get the current out.”’ These critical rates 
of charge and discharge seem to be partly due to the time 
required for the chemical reactions in the battery to take 
place. The physical limitations of a car require the bat- 
tery to have a large output for its weight and bulk. To 
obtain this it is necessary to increase the surface of active 
material as much as possible, and to decrease the inactive 
supporting grid. In consequence, the battery plates be- 
come mechanically weak. The conditions seem to pre- 
vent the making o! plates large enough to prevent ex- 
ceeding the critical discharge rate, and which are at the 
same time light enough and small enough to be carried on 
a car. The inherent characteristics of the lead battery 
are such that it is very doubtful whether it will ever be 
successful in propelling cars unaided by other sources of 
power. 

There is another phase of this method of application 
which is used somewhat extensively in Europe. In some 
of the larger cities on the Continent there is a prescribed 
area within which overhead lines are not allowed to be 
erected. To overcome this difficulty the cars are supplied 
with batteries sufficiently large to propel them at a low 
rate of speed for a distance of three or four miles from 
the point where the overhead line ends, into the city 
and return. While the cars are completing the trip the 
batteries are charged from the overhead wire. I am sure 
such an arrangement would not commend itself to any 
practical railroad manager, except as a makeshift in such 
government-ridden cities as exist in Europe. I feel satis- 
fied that the extra cost of feeder cables, due to the extra 
power transmitted and the decrease in efficiency, will 
more than offset any saving !n cost of linework, while the 
cost of operation must be, and is, acknowledged to be in 
excess of the less complicated system in common use in 
this country. There are only two cities in this country 
where a combined storage battery and trolley system 
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might reasonably be considered, and in those cities the 
slotted conduit has been adopted. 
The following data are taken from the writings of Mr. 
Dawson and others: 
Data of Accumulator Line at the Hague, 1891. 
Julien Accumulators. 


RAUSEE OF TRG. c6cccees tes dévavton 0000 essere ne 
Mamimum grade...... ..... © C0 evccercccteseesceese Lw 
Weight of car. ened .oc ccc ccvcccus «see. At to 16 tons. 
DO OE MIG icv oc vacd cb esétu abcd owt atevdsae 2 
WOtNG GE WMS ois cediiesinsnawba cobs eoesccceses 4 tons. 
Maximum speed in miles per hour...............+.-- 12.5 
Maximum distance run with one charge..........44 miles, 
Average distance run with one charge........... sa * 
Capacity of cells in ampere hours per Ib. of plate..... 4.5 


Positive plate can run with’t renewal.9,U0U0 to 11,000 miles. 


Cost of maintenance of cells per car mile..........8.54. 
Cost of handling cells per car mile...... cvccssesceme”” 
Kilo-watt hours consumed per car mile............ 1.080 


Probable maximum discharge rate..........130 amperes. 


Cost, per Car Mile, of Running Accumulator Cars in 
Birmingham, England, in 1893: 





Pence. Cents. 

WOR. oceh satsanoss » sebee>endetaedaee- SE 6.74 
PMs ibsaw Seness Sevenews ows euce ine ene | ee 3.52 
SG teen nushanedévie peeskanadn senoen -68 1.36 
Water GRE GOB. cc ccccescccccecccccncese oe 12 24 
DUGG, 6.6 sic vevees Ceesies ceberes eves 17 34 
Repaiss OnE MAiWs oo. cccvccesepeeeavens «sae 10.98 
1159 23.18 

Car miles FWeccces ceovvece Stak adhe WErrrrreer Try 


Working Expenses, per Car Mile, of Accumulator Trac- 
tion in Paris, in 183: 








Pence. Cents. 
General expenseB.......026 eseeces osnoce.. ae 408 
Cont Of POW. <cccc.ccc0resvepenccesesens 2.828 5.656 
Maintenance and handling of accumulator. 2.537 5.074 
Motormen and assistants.......... skoedvs 1.210 2.420 
Maintenance of motors and trucks........ 1410 2.820 
Heating, lighting and various............ 0.138 .276 

8.327 16.654 
ED | eT ee er rere 144,718 


Comparative Cost, per Car Mile, of Various Systems of 
Traction in Paris: 


PRAGUOR ch ois Sectee snenctssnsabarteeraens coe 17.10 ota, 
AOCRMUIROE «6.062% winecvewe S00bs0sdsnnen see - 16.66 “ 
Hot water locomotives. .......ccccccccvccveces 10.78 “ 
Overhead trolley system........... ere TTT aT 9.24 “ 


A third phase of the battery car system is the battery 
locomotive, in which the battery is connected in multiple 
with the motors and charges or discharges according to 
the demands of the train. This system has the advan.age 
of maintaining a fairly constant pressure at the motors, 
but this can be accomplished better in other ways. 

In the application of storage batteries on the ends of 
iong lines, the conditions are entirely different. The bat- 
tery in this case acts essentially as a pressure regulator. 
The conditions do not restrict the size of the plates, so 
that the plates can admit of such a size that the current 
density on discharge can be kept well within the limi.s 
of normal discharge; and in consequence of this the bat- 
tery is not subject to the great loss of efficiency, due to 
the fall of e. m,. f. on discharge. 

The only system of this kind used in any of the large 
cities for suburban service is the one installed by the 


Union Traction Co., of Philadelphia, Pa. The phenomenal 
increase in travel necessitated a large increase in the car 
service, and the success of the line warranted its extension 
from time to time, until it now terminates 11.2 miles from 


the power house. The drop in pressure over this long line 
made it impossible to run the requisite number of cars, 
as the speed of a trolley car is approximately in the 
direct ratio to the applied e. m. f. The cables for feeding 
this section consisted of three 1,000,000 circular mils, 
copper, rubber covered and leaded cables, laid in terra 
cotta ducts. The investment in feeders for this line had 
reached a point considerably above $100,000, not including 
the conduits. To have increased the cable system prop- 
erly would have required about 336,000 ft, of 1,000,000 
circular mils cable. At $1.05 per ft. laid, this would 
amount to $352,800; deducting the value of cables which 
were already laid, and which are estimated at $79,000, 
we find that the extra cost for cables, without conduits, 
would have been $273,800; this figure is, of course, pro- 
hibitory. 

It was necessary, therefore, to furnish some means to 
keep up the pressure. If a station had been built at that 
peint it would of necessity have been small and insuffi- 
clent—about 750 K-W. capacity. Such a station would 
have cost about $85 per HP., or a total of $85,000. A 
battery station, on the other hand, required but little real 
estate, would be inexpensive to operate, and its cost would 
be considerably less than a power station. The entire cost 
of the battery plant, real estate and building was approxi- 
mately $25,000. To this must be added the cost of a 
booster in the main power house. This required a 200 
K-W. generator, which, with its engine, would cost about 
$8,000. The total cost of battery and booster would, 
therefore, have been $33,000. We find, therefore, that, 
deducting $33,000, the cost of the battery and booster, 
from $85,000, the cost of a station, that the difference in 
first cost is $52,000 in favor of the battery. 

Cost of Operating. 

From volt and ampore meter readings, taken from the 
power hovee in October, 1896, we find that 136,576,091) 
watt-hours were delivered to the line at the battery house, 
These figures, 1 may explain, do not include the watt- 
hours generated by the booster, since we have assumed 
that this entire amount is lost in transmission. As a 
matter of fact, this is not strictly correct; but if a sta- 
iion were operated at Chestnut Hill it would be run at a 
bus bar pressure a little above the battery pressure, and 
therefore, for our present purposes, the assumption is cor- 
rect. From our experience in operating power houses 
of various capacities, we find that a power house operated 
at Chestnut Hill under conditions which I have described 
would cost about 1% cts. per K-W. hour. We therefore 
get the following as the cost of generating the number 
of K-W. hours required by the Chestnut Hill branch 
during the month of October, 1896, if furnished by a sta- 
tion at Chestnut Hill: 

184,848 K-W. hours, at 1% cts............ eee i ye } 
Interest on $85,000, at 5% per annum......... . 854.17 
Depreciation on machinery, etc., at 5% per an’m. 354.17 
Insurance, taxes, etC......cccecscecceccecsscess 200.00 





Total cost of operation for the month by direct 
methods...... ee 08 ef 933.6. seendadens seer. 








Actual Cost of Operating the Battery and Booster. 


Watt-hours delivered by bus bar............ 136,576,919 
Watt-hours generated by booster............. 34,234,648 
Total watt-hours delivered to cable.......... 170,811,dts 
The cost of operating the power house for the month 
of October, exclusive of interest and depreciation, was 1 
mils per K-W. hour. Therefore, we Obtain the fol- 
lowing: 
170,811,567 K-W. hours, at U.7 cts.............-$1,195.68 
Cost of labor and supplies at battery house.... 17,73 


DONE sods 0 s0biies's) evcsniswaeesicn dh sen soigaaeee 


Depreciation of battery, at 5% per annum....... $3.33 
loterest, at 5% per annum on $383,UUU..........  lsi.ov 
Taxes, insurance, etc............ «0.90 cecotesece 52.00 


Total cost of operation. .........cecececcees -$1,628.24 


Deducting this from the cost of operating by a station 
at Chestnut Hill, we find the difference in favor of the 
battery for the month would be $1,3UZ.835. 

Since Oct. 1, 1896, the method o: operating has been 
somewhat changed, and by installing watt meters the 
following data bas been obtained: 


Total cost for May, 18¥7, by direct method......$2,454.14 
Total cost of operating battery.............++0.+ 1,100.16 


Saving resulting from use of battery..........$1,353.38 
During this period the average efficiency was 80.0%. 


Application of Battery to Power House.—This form of 
installation has not become very generally appreciated 
in Unis country. The wide fluctuations in load in rail- 
way power houses is now well known. The average 
daily load varies from 50% of the maximum in small 
stations to 70% of maximum in the largest stations. From 
a large number of observations in all parts of the country, 
the average load is very close to two-thirds of the maxi- 
mum load. Now, it is also well known that the maximum 
economy of the steam engine exists for a very small 
range ot load, and that on each side of the point of max- 
imum economy the efficiency falls off—rapidly on the 
overload, somewhat less rapidly on the underload. The 
result is apparent. In most stations the engines, at the 
best, have an average load of on!y two-thirds their most 
efficient load, and, as a consequence, consume over 4.5 
lbs. of coal per K-W. hour, 

With baciy regulated engines, and especially with water 
power plants, the changes in load are accompanied by va- 
riations in speed and consequently in voltage. These 
troubles may be entirely corrected by installing a battery. 

It is necessary that the capacity of the battery should 
bear a laiger ratio to the output of the station than is 
necessary for potential regulation, as described in the 
previous section of this paper. In potential regulation a 
comparatively small battery is necessary, since by chang- 
ing the potential of the booster from time to time during 
the day the charge and discharge can be kept very low. 
For load regulation, however, the battery could have a 
capacity equal to ove-third the maximum output of the 
station. The average load of the station may then be 
made the maximum load of the engines, the battery taking 
care of the fluctuations. 

In discussing the paper Mr. McFayden asked if batter- 
ies, boosters or a combination would prove most satis- 
factory in keeping up the voltage of long feeders. In 
reply Mr. Hewett said that all small stations could be 
operated better with batteries. He also said that the 
manufacturers of the accumulator used by his company 
had guaranteed them for 10 years. A battery is useful 
when the fluctuations of load are sudden and considerable, 
and a booster operates best when a heavy load is more 
or less gradually thrown upon the system. It was sug- 
gested that batteries could be placed upon a flat car, 
charged at tbe station and run out to where the greatest 
load was apt to occur. In this case Mr. Hewett replied 
that it was simply the cost of batteries against the cost 
of feeders. He also stated that it was next to impossible 
to say off-hand which system was the cheaper, battery or 
booster. 

Referring to a storage battery plant on the Easton, Pa., 
electric railway Mr. Hewett said that at present three 
engines are doing the work formerly requiring four. The 
three are working at their best economy and give, prob- 
ably, a saving of fully 20% in fuel. 

Mr. Ely, Niagara Falls, explained that the Buffalo City 
Ry. contracts with the Niagara Power Co. for a certain 
amount of power to run their cars. They must pay for 
this set amount day in and day out, regardless of the 
amount of current used. He further stated that a reliable 
storage battery would permit contracting for a smaller 
amount of current, and asked Mr. Hewett if the art of 
battery manufacture had reached such a point as to war- 
rant such a change. Mr. Hewett answered yes, with the 
proviso that large cells of ample capacity be selected and 
proper care be taken of the entire plant. 

The President announced the enforced absence of Mr. 
Maurice Hoopes, Electrical Engineer Lynn & Boston R. R. 
Co., Lynn, Mass., and directed the secretary to read his 
paper on “Power Distribution and Use of Multiphase 
Current Transmission for Ordinary Street Railways.” 
We reprint this paper in full elsewhere in this issue. 

At the opening of the third day’s session the amend- 
ment of the by-law in which the time of meeting is de- 
fined as the third Tuesday in October was brought up. 
After much discussion it was finally amended that the 
Executive Committee may select any date between Sept. 
15 and Dec. 31, depending upon the geographical location 
of the convention city. A letter from the Omaha City 
railway, asking discussion on the mail carrying question, 
was read. Mr. Dimmock, of Council Bluffs, said he did 
not expect much to be done at the present meeting, but 
the government seemed to be reducing rates and some 
method should be adopted to better the conditions. 

The President remarked that on one 8t. Louis road, 





when a reduction was attempted, the mai! 

quietly withdrawn from service. In another ca< 
of 3% cts. per mile was being paid, besides Ppayi 

tion of the salary of the postal clerk, who han: 
the baggage, passengers, etc. The statements 
to show that railways were generally able tu . 
reasonable compensation if they insisted upon 

The President then introduced Mr. Geo. {|{ 
Superintendent Canal & Claiborne R. R. Co., 
leans, La., who read a paper entitled “Disciplin: 
ployees.” Mr. Davis said that all officers shov 
a definite rank. All orders should be worded 
and concisely, and should be printed and sent wit), 
directions to those for whom it was intended. 
good and bad service should be noticed, the fory 
complimentary personal letter. Before any man 
charged he should be given a chance to defend if 
On days when the travel is very heavy and oy ; 
required, the men should receive a portion of 
creased earnings. In selecting men, some form 
service examination should be adopted, the quest 
which should be prepared by the man under w! 
applicant will work. The applicant’s previous | 
his knowledge and skill, physical condition and 
of work should all be considered. A fixed line of , 
tion should exist, and as far as possible any | 
should be filled by men already employed. 

At the meeting a year ago, a committee was app 
to prepare a standard code of rules for the use of ; 
men. This committee reported that through a mis): jcr- 
standing it had not prepared such a code, and it w: 
tinued, with instructions to report next year. 

Col. N. H. Heft then read a very interesting pap: xiy- 
ing an account of the experience of the New York ‘vw 
Haven & Hartford R. R. with electric traction. W.. will 


print this, nearly in full, in our next issue. Col, {ieft 
stated, in reply to questions, that their third-rail cons: ryc- 
tion cost about $3,000 per mile, which they had found to 


be about half the cost of overhead construction. 


Mr. W. J. Hield, General Manager Twin City 
Rapid Transit Co., Minneapolis, Minn., was introduced 
by the President, and read a paper entitled Best 
Method of Settling Damage Cases and Prevention of 


Accidents by the Use of Fenders or Otherwise.’ Mr. 
Hield said a great deal of the trouble with damage 
claims was due to the class of lawyers who prose ue 
trifling damage claims on commission. The claims d 
partment should have a competent man at its head, and 
careful and ample records of all accidents should be ob 

tained and filed as soon as possible after they occur. The 
injured party or parties should be examined by the com- 
pany’s surgeon, and offers of attention and assistance. ex- 
tended. To antagonize any one who might bring in a 
claim is certainly poor policy. Upon the settlement of any 
claim a full release should be taken before witnesses. The 
claim agent should also be a firm believer in preventing 
accidents by precautions, and the claim and operating 
departments should work together. It is impossible to 
avoid all accidents, but careful men, good rules, 1 gu- 
lated speeds, good car equipment, fenders and safety gat:s 
will do much to cut accident expenses down. 

A proposition was brought forward to have the papers 
to be read at the annual convention printed and distri 
buted to the members in advance of the meeting, but it 
was voted down. The nominating committee reported 
the following list of officers, who were duly elected: 

President, Albion E. Lang, Toledo; Vice-President, W 
Caryl Ely, Niagara Falls; Second Vice-President, Jolin A. 
Rigg, Reading, Pa.; Third Vice-President, Edward &. 
Connette, Nashville, Tenn.; Secretary and Treasurer, 1. 
C. Penington, Chicago; Executive Committee, Robert Me- 
Culloch, St. Louis; C. D. Wyman, New Orleans; Hi. © 
Moore, Trenton, N. J.; John Roach, Chicago, and Robert 
S. Goff, Fall River, Mass. 

Boston was chosen as the place for holding the 13/5 
convention. 

While the business session was in progress the visiliig 
ladies, under the guidance of the Ladies’ Reception Cor- 
mittee, enjoyed a trip to Youngstown and Fort Niag:ra, 
over the Great Gorge Route & Frontier R. R. At tle 
Eldorado Hotel, Youngstown, a luncheon was served 
The evening was devoted to the annual banquet, held in 
the International Hotel and about 300 delegates and sup 
ply men sat at the tables. The 42d Separate Company 
band furnished music, while under the excellent guidance 
of the toastmaster, Mr. W. Caryl Ely, the following 
toasts were given: ‘“‘The City of Niagara Falls,” tle 
Hon. Arthur C. Hastings; ‘“‘The Association,’’ Smith ?. 
Galt; ‘‘Wit and Humor of the Bar,’’ Henry W. 10%: 
“The Evolution of Niagara,” the Hon. Thomas V. We!<!); 
“The Railroad Commissioners,” the Hon. Ashley W 
Cole; ‘“‘The Technical Press,” Henry M. Windsor. 

The morning of the last day was devoted to the in- 
stallation of officers and final adjournment. A summa(ion 
of the four convention days cannot help but be pleas'"s 
to all interested in the welfare of the association. J" 
attendance was larger than ever before, and in both qus'- 
tity and character the exhibits far surpassed those st 
St. Louis. The display of large and heavy machinery 
was remarkable. In our Construction News department 
will be found a detailed list of the exhibits. 
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